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Books Tuff Publiſh:d, Printed for J. Hovors, at 
the Looking-Glaſs, over again/? St. Magnus Church, 
London-Bridge. 


| Library of Literary Arts and Scignces : viz. 1. Theology; or the 
firſt Principles of Natural Religion, 2. Ethics, or Morality; the 
Doctrine of Moral Virtues. 3. Chriſtianity ; or the Subject of the Chri- 
ian Religion. 4. Judaiſm z or the Religion and State of the ſews. $5, Ma- 
hometaniſm; or the Life, Religion, and Polity of Mahomer, 6. Genti- 
Um; or the Deities and Religion of the Heathen, 7. Mythology 3 or an 
Explanation of fabulous Hiſtories. 8. Grammar, and Language; particu- 
larly of the Engliſk Tongue, 9. Rhetoric and Oratory; or the Art of 
Speaking eloquently. 10, Logic; or the Art of Reaſoning and Perſuaſion, 
11. Ontology ; or the Science of Being abſtractedly confidered. 12. Poetry ; 
or the Art of making Verſes or Poems, 13. Criticiſm z or Art of judg- 
ing well of Men and Things. 14. Geography; or a Deſeription of the — 
' World. 15. Chronology ; or the Doctrine of Time." 16. Hiſtory ; with 
the Original of Nations and Kingdoms, 17. Phyſiology ; or Science of 
Natural Philoſophy. 18. Botany; or the Doctrine of Plants and Vegeta 
bles, 19. Anatomy; or a Deſcription of the Parts of a human Body. 
20, Pharmacy; or the Art of making Medicines. 21. Medicine; or the : 
Theory of Phyfic and Diſeaſes. 22. Polity and Oeconomics, or the Doc- 
trine of Society and Government, 23,.Juriſprudencez or the Knowledge 
of Law or Right. 24. Heraldry 3 or Art; of Blazoning Coat Armour. 
+ 25, Miſcellanies ; an Account of the Mathematical Arts and Sciences, The 
> Tirird Edition, 8 vo. Price 6 6. JU 75 : 
II. LoGarITHMOLOGIA : Or, The le Doctrine of Logarithms, 
Common and Logiſtical, in Theory and Practice. In Three Parts, I. The 
Theory of Logarithms; ſhewing their Nature, Origin, Conſtruction and 
Properties, demonſtrated in various Methods, viz. 1. By Plain Arithmetic, 
2. By the Logarithmic Curve, 3. By Dr. Halley's Infinite Series. 4. By 
Fluxions, F. By the Properties of the Hyperbola, 6. By the Equiangular 
Spiral, 7. By a Logarithmic inſpectional Scale of 22 Inches Length. II. 
. The Praxis of Logarithms ; wherein all the Rules and Operations of Lo- 
| . garithmical Arithmetic, both Common and Logiſtical, by Numbers and 
nſtruments, are copioufly exemplified, III. A Three-fold Canon of Lo- 
”F warithms; in a new and more copious Method than any extant ; viz. 1. A 
anon of Logarithms of Natural Numbers. 2. A Canon of Logarithms of 
Lines and Tangents. 3. A Table of Logiſtical Logarithms, With a large 
Folio Cut, on Royal Paper, curiouſly engrav'd. S vo. Price 5 8. 

III. A New and Compendious Syſtem of Optics. In Three Parts, 
1. Catoptrics, or the Doctrine of Vifion by Rays reflected from Mirraurs, 
or poliſhed Surfaces, II. Dioptrics, or the Theory of Viſion by Rays re- 
| Aletted through Lenſes, or tranſparent Subſtances. III. A Practical De- 
Lcription of a great Number of the moſt uſeful Optical Inftruments and 
Machines, and their Conſtruction ſhewn from the Theory; viz. The Eye, 
Camera Obſcura, fingle and double Microſcopes, RefraQting and Reflecting 
83 Teleſcopes, Perſpective Glafſes, the Magic Lanthorn, &c. The Manner 
f adapting Micrometers to Microſcopes and Teleſcopes of the Reflecting 
ort. Illuſtrated with Copper-Plate Figures as big as the Life, Price 5 8. 
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8 
Young Mathematician's 
COMPANION, 


& BEING A COMPLEAT 
TW TT ©-0 
1 


TO THE 
| MATHEMATICKS; 


Whereby the Young Beginner may be early In- 
ſtructed ; thoſe who have loſt the Opportunity of 
learning in their Youth may with very little Pains, 

[7 and in a ſhort Time betome Proficients in this delight- 

14 ful and inſtructive Science, and ſuch whoſe Buſineſt it 

, is to teach, may receive much Uſeful Aſſi/tance. 

4 CONTAINING, 

I. Vulgar and Decimal Arith- I III. Plain and Spherical Tri- 
metic, Extraction of Roots onometry, Aſtronomy , 
by Natural Numbers, and Þyalling, and Surveying of 
by Logarithms. Land. 

II. Deſcription and Uſe of the |} IV. Curious Diſcourſes, calcu- 
Sector, with the moſt uſeful lated to render a Practical 
Definitions, Theorems, and | Knowledge of theMathema- 
Problems in Geometry. ticks more eaſy and familiar. 


The Whole Interſperſed with delightful and Uſeful Queſtions, 
and adorned with proper Schemes in order to excite the 
Curioſity, and form the Minds of Youth. 


By CHARLES LEADBETTER, 
Teacher of the Mathematiitts. 


The Szconv Eprriox, with large and uſeful Additions, 


* —— — 


LONDON: 


\ Printed for J. Hopces, at the Looking-Glaſs facing St, 
Magnus Church, Lenden-Bridge, 1748. Price bd 25.664. 
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THE 


REFACE 
BATHEMATICKS receiv 
SY their Name ſrom Matheſis, which fig- 

Wy nifies Diſcipline and Doctrine, and 
* 1 doth not cnly ſigniſ io learn and un- 
derftand, but alſo to call to Remem- 
brance the Knowledge of theſe Things 
which are imprinted in the Mind, that is, a Remem- 
brance raiſed from Appearance. But now tis property 


tat Science which teaches or contemplates whatever 15 


capable of being Number d or Meaſured. | ; 

And that Part of Mathematicks which relates te 
Number only, ir called Arithmetic: That which re- 
lates io Meaſure is called Geometry, 

Mathematics, alſo are divided into Speculative, which 
propoſes only the ſimple Knowledge of the Thing pro- 
poſed, and the bare Contemplation of Truth and Fal/- 
hazd ; And, Practical, which teaches how to demon- 
firate ſomething uſeful, or to perferm ſomething that 
[hall be propoſed for the Benefit and Advantage of Man- 
kind. In all Ages and Countries where Learning hath. 
prevailed, the Mathematical Sciences have been lod 
upon as the chief and mot comſiderabls among them. 


A2 There 


1 me PREFACE. 


There is no Science in the World that doth improve 
the Mind of Man ſo much as this; by giving it a 
Habit of cloſe and demonſtrative Reaſoning ; by freeing 
it from Credulity, Prejudice and Superftition ; by 
rendering it exact and capable of ſolving the,greate/? 
Difficulties ; and laſtly, by regulatmg the Imagination, 
and giving the Mind the greateſt Extention and Capa- 
city that Human Nature is capable to attain, 

. The Uſefulnefs of this Science is almoſt infinite, there 
being ſcarce any Knowledge, Art, or Science, in the 
Univerſe, but may be aſſiſted and advanced by it. And 
indeed it is to this Science we owe the vaſt Improve- 
ments of Natural Knowledge in theſe laſt Ages, and 
feme of the maft Noble Inventions of the World. 

bo then would be ignorant in a Science fo Excellent, 
fo Uſeful, and Beneficial to Mankind? Who would 
not take ſome Pains to attain a Competent Knowledge 
ef an Art ſo truly valuable? I am confident there is 
no — A and contemplative Perſon but would find 
_ le Pleaſare and Satisfattim in the Study of it. 

nd to ſuch as are ſo inchn'd, I have here ſet detun 
the bel Method; in Arithmetic the Reader will find 
many uſeful aud pleaſant Queſtions, not to be found in 
em other Tract. 

The Second Chapter treats of Geometry, in which 
T have given every Thing that is Uſeful in Practical 
Mathemaricks, having every where purpoſely omitted 
the Speculative Part, or Things that are uſeleſs, which 
zo Beginners would, rather prove a Stumbling Blick 
than any ways improve the Mind, 

The Third Chapter treats of the Menſuration of 
all manner of Superficies, in 2 plain and familiar 
Methed fitted to the Capacity of Beginners, 

The Fourth Chapter treats of the Menſuration of 
all manner of Solids, concluding with to uſeful Pro- 
paſtticns, the one in Statuary, and the other in * 

0 


= 


The Fifth Chapter is, the Diſcription and Uſe of 
the Sector, which Inſtrument being of ſuch Univerſal 
Uſe, claims a Place in this Fork. | 

The Sixth Chapter treats of Plain Trigonometry, 
in a new and conciſe Methid, perform'd by Natural 
Numbers and by Logarithms, concluding the ſame with 
fome uſeful Problems. 

Chapter Seven contains Spheric Trigonometry, 
beth right and oblique Angled, in a clear Manner, 
adapted to the Capacity of young Beginners, 

Chapter Eight treats of Aſtronomy in general, 

The Ninth of Dialling. | 

And the Tenth of Surveying of Land. 

Theſe are the Subjefts of the enſuing Wort, and 
herein I have ſhewn the great Uſe and Advantage that 
may accrue to; Mankind from them, being but ſeriauſl) 
peruſed by a thoughtful Mind, the Reader may came t3 
attain to a competent Knowledge in theſe Uſeful Arts. 

Theſe Arts are called by ſome, The Internal, or Li- 
beral Arts, becauſe they are attained by the Faculties 
of the Soul, which is a liberal er * Agent, and not 
by the Labour or Miniſtry of the Hands. 

Het c:mmendable it is to ſee Youth give their 
Minds to the Study of theſe Sciences It frees thy 
Mind of ill Habits, and raiſes the Soul abuve the com- 
mon Way of thinking ; he takes a Vinw of the Univerſe, 
and ſees at one Glance het the Great Architeft has 
fram'd this w nderful Fabric. | 

Sophia, ar Philofophia, Viſdom, or the Love of 
Wiſdim, is the Knowledge of all Arts and Sciences 
which any way do conduce to the Knowledge of Gd: 
And next to Divinity are the Mathematical Sciences. 

Aoft People now in this Age have an Ambition of 
giving their Children the beft Education that they can, 
aud truly, if I might adviſe, when Youth bas attain'd 
Reading and Writing good Engl ſb, let him be put to 

iht Mathematical School ; but if the Ability of the Pa- 
A. 3 rent. 


. Te PREFACE. 


rent be in fo kw Circumſtances that they cannot afra 


it, then let them buy this Book, and the Boy by his own 
Genius may come at what will pleaſe the Mind, and not 
only fo, but make him capable of making Satisfaction to 
» the Parent for the Expence they have been at, for his own 
" Improvement. The Uſefulneſs of theſe Arts cannot be 
denied, and therefore my hopes are; that Youth will 
bend their Minds to the Study of theſe uſeful Sciences, 
and by that Means become uſeful Inſtruments in their 
Generation, which that every one of my Readers may 
de, is the bearty Prayer of their very 


Humble Servant, 


Charles Leadbetter, 
e 


- THE 


T HE 
Young Mathematicians 
COMPANION. 


Of ARITHMETIC 


DIFINITION: 


SZ RITHMETIC, is the Art of 
Numbering well ; and in it we make 
Sy uſc only of theſe Nine Figures, called 
"» Digits, ix. I, 2, 3, 4, 5 6, 75 8, 
9. and the Cypher o, in which there 
are divers Rules which ſhall be treated 
of in the following Order, And 
Firſt of | | 


NUMERATION. 


I. Numeration, is the true Diſtinction, Eſtimation, and 
Pronunciation of Numbers, or the Rule to read any Num- 
ber tho? never ſo great, and to have a diſtin Idea of each 
Place or Figure of it, which may eaſily be done, by get- 
ting the following Table by Heart. For the firſt Place to 
the Right Hand is the Place of Units, that is, every Fi- 
| | - gure 


-- 


- 


2 Of ARITHMETIC. 


gure poſſeſſing that Place is no more than the real Value, as 
if the Figure 1 ſtands there, it is no more than one, if 2 
"tis two, c. but every Figure that ſtands in the Place of 
Tens, are as many Tens as the Figure is in Value ; thoſe 
in the third Place are Hundreds, the fourth Place are Thou- 
"ſands, the fifth, Tens of Thouſands, the fixth Place are 
Hundreds of Thouſands, the ſeventh, Millions, Fc. there 
are ſeveral Ways of diſpoſing of Figures to form a Table, 
but this which follows, I conceive the moſt eaſy for young 


Beginners, 
- 


9 Nine. 
9 8 Eight. 
9 8 7 Seven. 
9 8. 7 6 Six. 
9 8 7 6 5 Five. 
9 8 7 6 5 4 Four. 
253165 4 3 Three. 
287653 4 3 2 Two. 
6 5 4 $5 1 One. 
9 8 7.6 5 4 3 2 1 © Cypher. 
AOXKEOR mAG 
=” —_—.. 2. = 
SES 2388 
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E 1 Gy 
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The lowermoſt Line of the Table is thus read, viz. 
Nine Thouſand. Eight Hundred Seventy Six Millions, 
Five Hundred Forty Three Thouſand, Two Hun- 
dred and Ten: And ſo of the reſt. Theſe Ten Places 
are as far as any common Buſineſs will require, but 
for Curiolity's Sake, I will here ſhew how to read 66 
Places or more at Pleaſure, thus ; begin-at the Right 
Hand, and point or prick under the Seventh Place, and 
oyer it place the Figure 1, that is the Place of Millions; 
tell on Seven Places more, and over that Place the Figure 
2, the Number 2 ſtands in the Place of Million of Mil- 
lions, which is better expreſſed by Billions, * a 
110NS. 
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Millions) tell on again Seven Figures more, and there place 
the Figure 3 ; this is the Place of Trillions, and Seven 
Places more will be Quartrillions, the next Seven Quinquil- 
lions, Sc. according as the Figures over every Seventh 
Place doth ſhew. So that the Firit Place to the Right 


Hand is Units, the Seventh is Millions, the Thirteenth 


is Bi-Millions, the Nineteenth Place is Trimillions, the 
Twenty Fifth Place is Quartrillions, the Thirty Fuſt Place 
Quinquillions, the Thirty Seventh Place is Sexquillions, the 
Forty Third Place is Septillions, the Forty Ninth Place is 
Octillions, the Fifty Filth Place is Nonillions or the Place 
of a* Million muliplied Nine Times by itſelf; as for In- 
Pance, ſuppoſe I would Number this Train of Figures, 
A=. 


I 8 2 6 8 4 
789876543210123456789876543210123456789876 
543210123456789876543210 


Here are Sixty Six Places, and are thus read, ſuppoſin 
them to ſtand all in one Line, begin with the . 5 
Line at the Left Hand, and by the Directions of the Table 
above, begin with the Cypher, over which the 9 ſtandeth, 
and tell the Value of Places to the 7 at the End of the 
Line, and they are Seven Hundred Eighty Nine Thou- 
ſand Eight Hundred Seventy Six Millions, Five Hun- 
dred Forty Three Thouſand Two Hundred and Ten 
Nonillions, One Hundred Twenty Three Thouſand 
Four Hundred Fifty Six Octillions, Seven Hundred 
Eighty Nine Thouſand Eight Hundred Seventy Six Sep- 
tillions, Five Hundred and Forty Three Thouland Two 
Hundred and Ten Sezquillions, One Hundred Twenty 
Three Thouſand Four Hundred Fifty Six Quinquillions, 
Seven Hundred Eighty Nine Thouſand, Eight Hundred 
Seventy Six Quartrillions, Five Hundred and Forty Three 
Thouſand Two Hundred and Ten Trimillions, One 
Hundred T'wenty Three Thouſand Four Hundred Fifty 
Six Bi-Millions, Scven Hundred Eighty Nine Thouſand 
Eight Hundr.d Seventy Six Millions, Five Hundred Forty 
Three Thouſand Two Hundred ard Ten. And thus you 
{ce tis eaſy to read or pronounce any Number at 88 
| 0 


* 
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IL Of ADD1TION: 


DDITION, in General, is the putting of twe 
or more Quantities together, and that Quantity 


— 


which ar ies or reſults from thence, is called the Sum, or 


Aggregate of thoſe Quantities, as we ſhall make plain by 


Examples, 


The PENCE TABLE: 


. 
I 12 
* 8 > 24 
3 30 
* 
5 
6 7. 
7 4 
8 90 
91 1108 
10. 20 ö 
1 
44 
13 156 
14 168 
15 180 
16 192 
17 | - [204 Piſtole. 
18 216 
19 228 0 
20 | 1240 Pound. 
21] 252 Guinea, 


27% 324 Moidore. 


This Table got by Heart, will be v 
men to caſt up Things by the Head. 


— — 


——— 
— — 


4. 


9. 


0 10 


1— 8 
2— 6 half a Cro. 
37 4 
22 3 
5 — o Crown. 
5 —10 | 
6= 8 Noble. 
— 6 

b— 4 
9 

10— o Angel. 
10— 10 
| 11— 8 
12— 
132 4 Mark, 
14— 2 
15 — 0 
15--10 
16— 8 
17— 6 
18 4 


19— 2 
3 O Pourd. 


ery ready for Trades- 
: And 
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And Firſt of one Denomination. 

Set your Numbers down one under another, Units 
under Units, Tens under Tens, Hundreds under Hun- 
dreds, c. Then begin at the Right Hand, and collect 
each Column ſingly into one Sum, and if the Units in that 


Row are leſs than Ten, ſet them down under the Line, 


but if they are more than Ten, ' ſet down all above 
Ten, and carry the Tens to the next Row; in which 
ſet down under the Line the odd Tens, and carry the 
Hundreds to the next Row, and ſo continuing to ſet down 
the Units, and carry the Tens to the next Column till 
all be done. Thus, Suppoſe I have 481 Yards of Vel- 


vet, 387 Yards of Pluſh, 245 Yards of Ca licce, 129 


Yards of Camblet, how many Yards are there in all; 


Velvet 481 
Pluſh 387 
Calicoe 245 
Camblet 129 


Total 1242 Yards, the Anſwer. 


Thus, the Numbers being ſet down as above,. begin 
and ſay 9 and 5 is 14 and 7 is 21 and 1 makes 22, 
ſet down the 2 Units, under the Line and carry the 2 
Tens to the next Row; ſaying 2 that I carry and 2 is 
4 and 4 is 8, and 8 is 16, and 8 is 24, ſet down 
4 under the Line ard carry 2 to the next Row, ſay- 
ing 2 that I carry and one is 3, add 2 is 5, and 3 is 
8, and 4 makes I2, now becauſe there are no more Fi 
gures to carry, I ſet down 12, and the Sum of all the 


given Number is 1242, as above. 


The common Way of Proving Addition (as taught. in 


Schools) is to cut off the Top Lane, and caſt the Sum up 
again, only leaving out the Top Line, then the Sum of. 


theſe added to the Top Line gives the whole Total. But 
this ſeems to be invented more to hinder, than forward 
the Work, and is ſo unmaſterly, that I ſhall not recommend 
it, but rather adviſe the Reader to caſt up his Sum over 
again, and that's the belt Way of proving his Work. 


More 


— — —— — — 


. 
an 8 er — —— — — — — — — 
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More Examples for Practice. 
Tar.. Mien, Bar. Lis. 
17064. 2706 4617 57069 
8517 1042 3570 10952 
321 75 24% 7403 
298 263 1041 276 
106 21 82 95 
0 — — — — — — £ 
4 26300 4997 11716 105795 
But - if the Number be of different, or of ſevera! 
Denominations, then they muſt be added by ſumming 
up each Denomination by itſelf, and ſeeing how many 


of them will make one of the next Denomination, and 
carry them to the next Place. As for Example, ſuppoſe 
the following Sum of Eng/iſþ Money were to be caſt 
up, | fixſt conſider that four Farthings make cone Penny, 
twelve Pence make one Gilling, and twenty Shillings 


| make one. Pound. 


Note, Over every Denomination is commonly placed 
L. S. D. 2. ſignifying Libra, Solidi, Denarii, 
Duadranter, that is Pounds, Shillings, Pence, 


Farthings. 
10, 20, 12. 4. 
| . 
| 4862 14 11 I 
| 3721 18 10 2 
2951" 20 Os 3 
2563 29 ol 2 
1085 12 03 I 
15 09 2 
420 % ob 3 
2 


16883 15 11 | 
$93 15 Over 


* 


| 
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Over every Denomination is placed the Denominative 
Parts, that is, what you are to dot at, or ſhews how many 
of one Denomination make one of next greater. As in 


the following eg of Averdupoiſe Weight, Sixteen 
Drams make one Ounce, Sixteen Ounces make - one 


Pound, Twenty eight Pound make one Quarters of a Hund- 
red, four Quartets make one Hundred Weight, and twea- 


ty Hundreds make one Ton. 
10. 20. 4. 28. 10, 16. 
T. C. & i. en. de. 
7843 14 2 20 12 10. 


6382 18 3 26 14 15. 
rin 1 18 10 6. 
4329 Ig 2 21 11 04 
213 13. 
2468 10 2 14 o OL, 
1073 16 1 17 6 04. 


Sum 31344 0g 3 0% o/ 06 


Note, The Troy and Averdupoiſe Weight, bear Propers 
tion one to the other according to 


Mr Boyle ſound that 185 716. Troy, are equal to 1597 
Pounds Averdupor/e. | 
Mr Wingate found that one Pound Averdupois, was 
qual to 14 eZ: 12 fro. Troy. Here the Troy Ounce is 
ore than the Averdupri/# Ounce, but the Averdugoiſe 
Pound is greater than the Pound Troy. 
Mr Everard found in the Year 1696, that fifteen Poands 
verdupiſe were equal to 18 ib: 2 175 pro. Troy. | 
Mr Jobn Ward found by a very nice Experiment, that 
40%: 11 pi : 155 gr. Troy, was equal to one Pound 
[verdupoiſe. 
Mr Vincent Wing ſays, the Proportion of the Pound 
ſwerdupoiſe to the Pound Troy, is as 60 to 7 3- And the 
roportion of the Ounce Averdupoiſe, to the Ounce Trey, 
as 80 to 73. By which the Pound Averdupoiſe is greater 
an the Pound Troy ; but the Ounce Averdupoiſe, is leſſer 
an the Ounce Troy, as is noted in Wingate's Experiment. 
£2 III. 


* 
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W. Of SUBTRACTION. 
DEFINITION. 
Sus TRACTION is taking a leſſer Quantity, or 
N 


umber, from a greater, in order to find the Difference 
between them, which Difference is called the Remainder. 
In order then to take one Number or Sum out of another, 

if they be Things of one Denomination or Name, ſet Units 
under Units, Tens under Tens, Hundreds under Hund reds, 
Sc. under which two Numbers draw a Line, and remember 
that what you carried in Addition you mult here borrow in 
Subtract ion, and in Things of one Name, you always car- 
ried one for every Ten they amounted to; ſo here when 
the Under Figure is greater than the Upper, you muſt 
in this Caſe add Ten to the Upper, and then take the 
Under out of it, then for this Ten which you mult 
call One that you borrow'd, add One to the next Figure, 
and take it out of that which ſtands over it and ſet che Re- 
mainder under the Line, proceed thus till all the Diffe- 
rences be taken, and thea the Work is done, as in theſe 


Examples. 


C. 1E. lib. 
From 5025 © 2813 47015 
Sub. 3578 1642 33148 
Remains 1443 1171 8867 


But in Numbers of different Denominations, you muſt 


always borrow one of the next greater Denomination and 
ſubtract, remembring always to pay the One you bor- 


rowed, and ſet the Remainder under the Line, as in theſe _ 


Examples ol Money. 
. } „ 4. 8. 


Lent 32051 14 08 © 
Paid 9447 16 10 1 


— — 


Rem. 22603 17 og 3 


PROOF. 


* . 


n 4 * i * 
ä 
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Of ARITHMETIC. 9 
PROOF. 


The Proof of this Rule, is to add together the Remain- 
der, and the Number to be ſubtracted, and that Sum will 
be equal to the Number from which Sara was made. 
See an Example of Troy Weigbt. 

10 12 20 24 
lib. . pw. Br. 
Bought 576 04 11 14 


Sold 27 07 16 19 
DO GAGE IIS 8 add 
Rem. 148 o8 14 19 


— 
— 


| — 


Proof 576 04 11 14 
2UEST ION. 


In the Year ofour Lord 508, Targuin was baniſh'd from 
Rome, for the Raviſhing of Lucretia, I demand how many 


Years it is ſince, to-this preſent Year 1746 ? Set the Num- 
bers down thus, 


Preſent Yeir --- - - 1746 
Lucre ia Raviſhed in + - - - - 508 
Anſwer 1238 


To conclude this Rule, I ſhall here ſubjoin an Example 
or two ufeful in Buſineſs, which are theſe. 1. Two Men 
A and B, enter into Partnerſhip, and after ſome Time 
A had disburſt 17/7. 35. 34. B had paid 101, 105. they 
are now indebted 16 J. 13s. and from the beginning of 
their Partne:ſhip they are to pay equal, Quere, What has 


each now to pay of the Debt ? 
SOLUTION. 
E „ 
From the whole Debt | 16 13 © 
Subſtract the X of their Pay ment 613 3 
Remains — - 019 9 


Half is what A is now to — — 4 19 10K 
A has paid more than B * S. 
Sum is What B muſt pay — 2 

B 2 PROOF, 


A 
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PROOF, 


A > — — I 103 
11 muſt Pay 3 line + 12 4 


Sum is = to the Debt — ——— 16.13 O_ 


— — _ 


Or tbur, 


2 £ "5. "3x 4 
4 id i 17 3 x and 4 19 104 22 3 17 
4 paidinall $ 10 Au and 11 13 34 22 3 14 
Their whole Account Was — —_ 7, 


* Example 2. 4 hath Di-burſt 407. 16s. 89. 2, B has 
has paid 26 7. 13 5. 4 4. they are now indebted 27 J. 18 6. 
2 4. | demand what is each to pay, and What was their 
vw hole Debt at fi: ft. | 

A 6 
Anſwers B 8 muſt pay 3 7 * 15 . 
And their whole Account at firſt was — 47 14 1; 


IV. Of MULTIPLICATION. 
DIFINITION: 


NI LTIPLICATION., is the taking or re- 
peating oi one Number or Quantity as often as 


tiplied is called the Multiplicand, the Number by which 
you multiply, is the Multiplieator, or Multiplier, and 
that which is found or produced, is called the Product. 
Alſo for Brevity's Sake the Multiplicand and Multiplier 
are called Factors, becauſe between them they make up the 
Product, Multiplication ſerves inſtead of many Additions, 
and this is the Table. ot 


there are ſuppoſed Units in the other. The Number Mul- 


2 > 
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| 111 21 31 41 5] 6] 71 8| 9 . 
20 41 6] 8[10]12[14116| 18] 20 22] 24 
4 6 2 I 
12620124428 32 36] 40 44j. 48 
[IJK 5 4% 451_50l 551 60] 
61112118|24|30136142[48] 541 601 66] 72 
7 [14[21123[35[42|40|56} 63] 7ol 771 34 
„ | 8[116]24132]40[48]56154| 72| Bol 881 96 
gilig[27136\45|54163172] 81] 901 991103 
roNo13c[40[50[boi70[30| go 1001100120 
11122133/44155160[77188| gg[t1ol1211132 
121124136i48]50|72[84[96|108[120[1321144 


The Table above is obvious to the meaneſt Capacity, 
for to find one of your Fact ors on the Head, and the other 
in the Firſt Column on the Left Hand, and in the Common 
Angle, vr Place of Meeting is the Product. Example, 
what is the Product of 6 multiplied by g ? Now it matters 
not whether you ſeek for the 6 or the g on the Head, and the 


other on the Side, for tis all one, you'll find the Product 
to be 54, and ſo of any other. 


The Ground of Mu'tiplication Table may 9/1 
be demonſtrated by this Croſs in the Margin, 6 4 
for place the two Digits 6 and 9, (or any 
other two Digits) on the Left Side, and their 54 
Difference to Ten on the Right Hand, then take the Diſſe + 
rence from the Digit. (not from it's own, but croſs-wiſe) 
as Four out of Nire, or one out of. Six, the Remainder 
will be Five, then the two Differences, viz. Four and 
On: multiplied together make Four, which with the Five, 
place under the Line, as you ſee done, and it makes 54 for 
the PrcduR, 

This may alſo be explained by the Fingers and Thumbs 
of your Hands, for as there are Nine Figures and the Cy - 
pher makes Ten, ſo have we Eight Fingers and IVO 
Thumbs make alſo Ten; then it you would know how 
many fix times Nine, or nine times Six is, (for ids all one) 

* f B 3 


ripe 


Gripe or Clench all your Fingers and Thumbs cloſe, being 
thus, they are all Unites, but every one as you raiſe up is 
Ten, then raiſe the Thumb on the Right Hand, and 
call it Six, to anſwer the Six of the Multiplier, then raiſe 
the Thumb of the Left Hand, and call it Six, raiſe the 
- Firſt Finger, and call it Seven, raiſe the Second Finger and 

call it Eight, raiſe the Third Finger and call it Nine for 
your other Factor; now all the Fingers and Thumbs that 
are up are Tens, and thoſe down are Units; add the Tens 
together make Five, and multiply the Units together, 
make Four, to I ſee that fix times Nine make 54 as beſore. 


Here follows Examples for Prafiice. 


Multiplicands, - 52 365 
Multipliers, , 9 
Products 364 3285 
Multiply me 1681 And - 2367 
WEE Tis ty - - - 28 
— — — — 
3352 20488 
| 1681 5122 
Products 20½%2 i 71708 


Nete, Ever remember that if your Multiplier conſiſt of 
ever ſo many Places, that the firſt Figure of it's 
g Product ſtand under the ſame Place that it's 
| Multiplier poſſeſſeth, then add the particular 
Products together, gives the Product of the 

Whole. | 


Notes upon the Nine Digits. 


I. The Digit One, hath-a Property which no other 
Number hath, for it neither multiplieth nor dividech, but 
leaveth the Number to be multiplied or divided the ſame. 

IT, Multip!yingany Number by Two, is the ſame with 
doubling of it; and that whether you add T'wo to itſelf, 
or multiply it in itſelf the Sum and Product are equal. And 


it is moreover worth taking Notice thereof, that no ſquare 
| Number, 


> 
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Number, how large ſocver, can ever terminate, or end 
with the Digit 2. 

III. If you would multiply any given Number by 3, to 
that Number add the Double thereof, and the Sum ſhall be 
equal to the Product. 

IV. If you would multiply any Number by Four, you 
muſt double the Dublication, and the Sum is the ProduR, 

V. If you would multiply any Number by Five, add 
a Cypher to the given Number, and take half that Sum 
for the Product. 

VI. It you would multiply any Number by Six, add 
a Cypher to the given Number, and take half thereof, to 
which add the given Number, the Sum ſhall be equal to 
the Product. 

Note, Between theſe two laſt mentioned Digit, Five and 
Six, there is a ſecret Property; for if you.mu!- 
tiply either of them in themſelves, the Namber 
produced by ſuch Multiplications fhall terminate 
in themſelves. 

The Nuinber Six hath another eminent Property, for all 
it's Aliquot Parts are equal to itſe}f, as it's Halt, it's Third, 
and it's Sixth, being-all added together make Six. And of 
Numbers that have this Property, there ate but ten to be 
found, between one, and one Million of Millions, which 
are theſe exhibitcd in this Table. 

6 
28 

? 486 

8123 

Numbers of 120815 
Alliquot Parts. 2090128 
1 1 $C y 33559336 
530854528 

8586859055 

137438691328 


Note, If the Number 28,8128, and ſeveral of the other 
Numbers be divided by 2, 3, and 6 ſeverally, there 
will remain + and 3, which Fractions are equal to 
Unity, which one being added to; the three ſeveral 
Quotients will make up the given Number. | 


As 
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As ſuppoſe the laft Number in the Table 


2) 137438691328 (68719345664 
Rem. O 


3) 137438691 328 (45812897 109! 
Rem. 1 

6) 137433691328 (229064435 5 4% 
Rem. 2. 


Sum of the Quotients 137438691 328 = to 
the Dividend. N 


VII. If you would multiply any Number by Seven, 
add a Cypher to the given Number, and take half thereof, 
to which ha!f add the double of the Number given, the 
Sum of them ſhall be the ProduR of the given Number, 
multiplied by Se ven. 8 

VIII. To multiply any Number by Eight, to the given 
Number add a Cypher, and from thence ſubtract the double 
of the Number given, the Remainder is the Product. 

IX. To multiply by Nine, add a Cypher to the given 
Number, and from that Number ſubtract the given Num- 
ber, the Remainder is the Product. 


Odfervatim. 


This Digit Nine, hath a Privilege above all the other 
- Digits ; for if you take any Number, the Nines taken out 
of the groſs Sum of that Number, or of all the Parts there- 
of ſeverally, the remaining Digit will be ſtill the ſame. 


EXAMPLE, 


Tn the Number 45 there are 5 Nines contained therein, 


ſo if you multiply Nine by Five; the Product is 45. In 
like manner, f you take the Nines out of this Number 
476, it is all one as if you ſhould take the Nines out of the 
ſingle Figures 4, 7, 6, which do make Seventcen, from 
which Nine being taken, there will remain the Digit Eight, 
and alſo if you divide 476 by Nine, the Quotient: will be 
Fifty two aud Eight remaining. | 


* 


Pre 
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Proof of Multiplication. 


From hence proceeds that falſe Way of proving Multip i- 
cation by the Croſs, or by throwing away the Nines out 
of the Factors and Produdt , 

As for Inftance, if 272802 be multiplied by 341 25, the 
Product will be 9309368250. 

Make-a Croſs as in the Margin, throw the 0 
Nines out of the Multiplicand 272802, and 
there reſt-g which 1 place on the Left Side 3 6 
the Croſs, Secondly, throw the Nines out 5 
of the Multiplier 34125, and the Overplus 
is Six, which placeat the Right Side the Croſs: Thirdly, 
the Product of Three by Six is Eighteen, out of which 
throw the Nines, and there remains o, which place at the 
Top of the Croſs. Laſtly, the Nines thrown out of the 
Product, Reſt o, which place at the Bottom of the Croſs. 

Hence, becauſe the Top and Bettom Figures are the ſame, 
the Work is proved to be right; I ſay this is true, but fup- 
pou any of * Figures in che Product are tranſpoſed (as I 

ave often known) TI ſuppaſe thus, 9309638250, here the 
Figures being the ſame, when the Nines are thrown out, 
there will allo remain o, equal with the Figure at the Top 
of the Croſs, which proves the Sum Right, tho? at the ſame 
Time it be moſt groſsly falſe. 


15 


Compendiums in Multiplication. 


Whenever your Multiplier has Cyphers in the Units, 
Tens, or Hundreds Places, Cc. place them to the Right 
Hand ; thus, 


487 392 726 ; 
10 20 500 
.— — — — — 
4870 7840 363000 


How to multiply by any Number under 20, 30, or 405 
ſo as to bring the Whole Work into one Line. 
Firf!, Any Number under Twenty. 


RULE 
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RULE, 


Multiply each Figure in the Multiplicand, by the Units 
Figure in the Multiplier, adding to cach it's back Figure, 
that ſtands on the Right Hand of that you multiplied, only 
mind, that the firſt Figure you begin with, is the 'Thing it- 
: ſelf, there being none to be added to it. 


© BXAMPLE. 
Let 365 be multiplied by 12, and poſſeſs but one Line. 


365 
12 


4380 

Firſt ſay 2 times 5 is 10, that is o, and carry one, then 
2 times 6 is 12, and 1 I carried is 13, and the 5, in the 
Units Place of the Multip)icand makes 18, that is, ſet 
down 8 and carry one, then 2 times 3 is 6 and 1 I carried 
is 7 and the 6 in the Multiplicand makes 13, that is, 3 
- ſet down and carry 1, which is added to the 3 in the Mul- 
tiplicand, and it makes 4 to ſet down, ſo the Product of 
365 by 12, is = 4380. 


More Examples, 


764 6812 81263 
15 18 19 
11460 122616 1543997 


aries Any Number between 20 and 30. 
Multiply by the Units of the Multiplicand, add to each 
Product the double of the Right Hand Figure, and at laſt 
add what you carried to the Jouble of the laſt Figure in 
Multiplicand, and that will be the true Product. See theſe 
Examples and mark them well. . 


7384 65981 5436 
« 283 25 28 


153832 16495z5 153608 
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In the firſt ſay, 3 times 4 is 12, that is, ſet down 2 and 


carry 1, then 3 times 8 is 24, and 1 I carried in Mind 


makes 25, and the double of 4 in the Multipkcand is 8 ad- 
ded to 25, makes 33, ſet down 3 and carry 3; then 3 
times 313 g, and 3 J carried is 12, and 16 (the double 
of 8) makes 28, ſetdown 8 and carry 2; then 3 times 7 
is 21, and 2 I carried is 23, and 6 the double of 3 is 29, 
ſet down 9 and carry 2, which added to the double of 7, 
makes 16, which ſet down on the Left Hand of the others 
under the Line, and it makes. the Whole Product 169832. 


Thirdly, Any Number between 30 and 40. 

Multiply as before, and add the Triple of the Right 
Hand Figure in the Multiplicand to your Product, and at 
laſt, add the Triple of the laſt Figure in the Multiplicand, 
to what you carried, and {et them down under the Line and 
then 'cis done. | 


Ses theſe Examples. 
57886 12948 705381 
34 36 39 
1965404 455338 27309859 


Fourthly, = the firſt Ru'e, to multiply any Number com- 
0 


pounded of any Number under 20, the Product is rea- 
dily found, as by Examples. | 
| 46363 79062 
112 112 
562356 943744 
46863 79062 
5248646 3854944 


* To multiply by 1614, or 1517, or by 
1716, Oe. 

Firſt multiply by 14 in one Line, and by 16 in the 
other, and the other Sum by 17 in one Line, and by 15 
in the other, c. See the Work. 


357948 
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357948 79062 
1614 . 1517 
| —ů —ů— 
5011272 1344054 
5727168 1185930 
577729072 119937054 


Ten Merry Men come to an Alehouſe, and agree with the 
Landlord for a Guinea, per Man, are to have two Pints of 
Drink, ger Piece, per Day, for ſo long time as they all being 

laced together on one Form at every Drinking there might 

a divers Tranſmutation of Place; Query, How comes 
the Landlord off with his Gueſts, both as to Money and 
Time ? | 


Anſwer 4970352 Years 
oi - 


226800 oo Money 


Received 10 10 


Loft 226789 10 


Sixthly, How to multiply by the Component Parts, in- 
ſtead of the Whole, 


Example, 542, by 63? take 7 and 9, 
7 | 


W— —2— 


3794 
9 


— OO — 


Product - 34146 N 


If any odd Numbers are given which are not an even 


Product of any two of the Nine Digits. c. then take 

two Figures whoſe Product comes neareſt either, more or 

leſs than the given | Multiplier, and add if you took a leſs 

— but ſubtract if you took more, as in theſe Ex- 
mples. 


Multiply 


- FD 
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| Multiply 1 by 35, and 795 by 29. 


— — 
58104 5166 
6 4 
Too much 348624 20664 Too little. 
Subtract 9584 Add 738 
Products 338945 21402 True. 


Seventhly, How to multiply ſeveral Denominations. 


| J. n 
How much is 7 times 38 is 9 2 
7 


4 Anſwer = - » 410 9 6 
| TROY WEIGHT, 


| One . 
D 


— — 


I Anſwer -  - 13825 


To multiply by Logarithms. 


Logarithms were firſt invented by Lord Neper, a Scotch 
Baron, about the Year 1614, and after compleated by our 
Country man, Mr Henry Briggs, Proſeſlor of Geometry at 
Xt Oxford, and at Greſbam College in Landen: They perform 
that by Addition and Subtraction, that Natural Numbers 
= do by Maltiplication and Diviſion. And here 

| Note, That the Characteriſtick, or Index is always leſs 


by one, than the Number of Places of the ab- 
ſolute Number. , 


The RULE. 


To multiply by Logaritbms, find the Logarithm of two 


given Factors, and the Sum (rejecting Radius) is the Le- 
garithm of the Product ſought, 


C E X AN. 


RD 


= 
* 
* 


.4A 
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EXAMPLE, 
Let the Product of 4736, by 28 be ſought ? 


OPERATION, 


" 4736 = - - = 3.678417 
2 - - - 1,4470;80 
1 | 
132608 «7. $.1225697 
| EXAMPLE II. 
Multiply me 375 * 2.5740313 
By 15 1. 17609 13 


Product 5625 37501226 


VI. of DIVISION. 
DEFINITION: 


of any Whole into Parts, and is only a Compen- 

um of Subtraion ; for the Diviſor is ſo many Times 
contained in the Dividend, as there are Units in the Quo- 
tient. 
The Number to be divided is called the Dividend ; that 
by which you divide the Diviſor, and the Number of 
Times that the Dividend contains the Diviſor is called the 
Quotient. And here Note, That Multiplication and Di- 
viſion interchangeably and infallibly prove each other, as 
will be ſhewn by and by. $4 6 * 

Nie ask bow oft in Quotient, An ſioer nale. 

Then multiply, ſuò tract, a new Dividual take. 


D I'VISION, ſignifies the diſtributing or parting 
I 


0 — 
* dn 8 * 
4 > * n 


What's the Quotient of 354, divided by 6? Set he 


Numbers thus. 
| Diviſor, Dividend, Quotient. 
6) 354 (59 
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More Examples for Practice. 


9 % 4150 (347 + 19) 17501 (gat 
| 57 49 
: 8 "In 
Rem, 6 Rem. 2 
Compendium. 


If the Diviſor hath Cyphers in the Units, Tens, Hun- 

* dreds Place, & cut them off with a Line, and alſo cut as 

many Places off in the Dividend and divide with the re- 
= maining Figures, as you ſee in theſe Examples. 


= 210) 1916 (8 4600) 1357 (29 
= Kkem 16- 92 
0 2% | — 

BF 437 
| t , 414 
9 PROOF of Diviſon. 

3 | 
- 2 Theforeſt Way of proving Diviſion is by Maltiplication, 
5 Xt andof proving Multiplication is by Diviſion. 


For M ts Product be divided by either Factor, the Quo- 
tient will be the other, and nothing will remain if the Sum 
is right. And in Diviſion if you multiply the Diviſor by 
the . (and add the Remainder thereto, if any) the 
Product will be the Dividend. Example in Page 18, we 
have multiplied 3 37948, by 1614. and the Product is 

77728072 : Now for Provf, if we divide 577728072 
8 1614, the Quotient will be 387948, and nothing will 
* 3 the Work to be right. 

Or, if we divide 577728072, b 8, the Quotient 

will be-1614, and nothing will CEO? * V 


C 2. | | Shor: 


* 
mo 
N 


+ pig _ 


Short Diviſion, 


Short Diviſion is done by ſubtracting as you go on, and 
only ſet down the Remainder, and not the Products, as 


. 
LY 2 — < 
4 acl 
» © Ld 
_— ET 


: 
7 2 


8 N 


you may perceive by this Work. K 4 
1614) 577728072 (357948 

9382 5 2 

12828 I 

15300 4 : 

8 ki; 

12912 4 


Tf you have any Thing to do by Diviſion, and you 
would perform the ſame by Multiplication, you may find 
@ Factor that will do it, that is, if you divide Unity by 
the Diviſor, that Quotient will be a Multiplicator, b 
which if you multiply your Dividend, this Product wi 
be equal to the Quotient. 


As for Example. 


Suppoſe I had 1740 to be divided by 4, what Number 
is that by which if 1 multiply 1740, the Product ſhall be 2 


_ + 


the ſame as if I had divided it by 4) 1749 (435 3 
| „ 
— | 


4) 100 (.25 Factor. 


1740 = 
BS $4} 

8700 

3480 


Product "435 The fame with the Quotient 


Note, 


Pa 
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A Nate, When 1 is divided by 4, there are two Cyphers 
KB added, for which Reaſon I omit two Cyphers in 
. the Product. 
Diviſſan 37 Lagaritbmt. 1 
Diviſion by Logarithms is performed by Subtraftions » 
for ſubtraR the Legaritbn of the Diviſor, from the Lga- 


rithm of the Dividend, and the Remainder is equal to the 
Logarithm of the Quotient. 


| EXAMPLE. I. 
Let 132608 be divided by 28, what's the Quotient? 
See the Work. 


Dividend - - 132608 - - $5.1225697 
Diviſor - - = 28 - - 1.4471580 


Quotient: - 4736" - - 30754117, 
EXAMPLE. II. 


Dividend 5623 - »-- 35526 f 
Diviſo r: 131.4760913 


4 Quotient © = = 375 - - = 2:5740315 


— 


4 | CHAP. II. 
Of REDUCTION.. 
DEFINITI.ON.. 


3 R EDU CTIONis no Rule properly of itſelf, . 
1 but depends wholly on Mx/tiptication and Diviſion. 
1 It is either Aſcending or Deſcending, Aſcending is per- 
77 dee : | | 
3 formed by Diviſion, and is when you would Reduce, or 
7 ies Pohang oa of a leſs Name, to Things of a greater; as 
3 Farthings into Pounds, c. Deſcending . is when yo 
; would Reduce, or bring Things of a greater, to Things of 
a leſſer Name, 2s Pounds into Shilliogs, Pence, or Par- 
t hinge, and this is always done by Multiplication”. 


C3. 28988 


urn 
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QUEST FO N. 


A Gentleman dying, left 410625 Pounds, to be equally 
divided amongſt Twenty Nine Perſons, I demand, what 


each muſt have to his Share ? 
See the Work, 


29) 410625 (14159 4. 


Pence in a. Shilling 


29) 228 (7 Pence. 


| Rem. 
Farthings in a Penny 


29) 100. (3542 Farthings 
87 
Rem. 13 Farthings. 


203 


25 


4 


Pence. 


Anſwer 14179“/. 97. 74. 33 f. 


In reducing of gr 
Denominate Parts, a 


eat Things into leſſer, multiply by the 
nd add in the odd Parts if here be 
- any, and the laſt Product is che Anſwer: 

| EX AM; 


ey 
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EXAMPLE. 


Ings J. 175. 24. 1g. how many Farthings? < 
Aniwer 92025 Farthirgs. 

In 92025 Farthing?, how many Pence, Shillings ard 
Pounds ? | 


12 „ <8: 
4) 92025 (- 23026" ( 917 (95 17 2 1 


—— ꝗ—ü—ů— — — — | 


1 - 17 

1 How many Pounds are there in 527 Moidores? Mul- 
= tiply by 27, and divide by 20, and the Anſwer will be 
X I1 J. 4. 

"4 7 In ws J. 9 5. how many Moidores ? Multiply by 20, 
and divide by 27, and the anſwer you will find tobe 527 
Moidor es. 

A2useſi. 3. In 92) J. 157. 6 d. how many Pieces of 164. 
Be 22 of 124, of 104, of 84, of 54, and of 14, and of 

"Rach an equal Number ? Add all the Particulars together, 
end they make 69 Pence, and Reduce the Money into 
Pence, are 150666 for a Dividend, the Quotient is the 
_ FAnſwer 218332 Pieces. 
= Note, In Things of this Nature, the Diviſor and Diviz 

dend muſt always be of one Name. ; 


Durſt. 4. In 1580 Ells Flemifſs, how many Ells agli 7 


1 


+ 3 


1 

* 
3 
: 


þ . | Operation. 
1580 
3 


3 5) 4740 (948 Ells FngiiG:; 


Quel. 5 How many Miles, Furlongs, Poles, Yard: Feet; 
Inches, and Barley Corns will reach round the World, 


a great. Circle. 


Anſwerz. 


owing Norzwood"s Meaſure of 694 Miles, to one Dezree 


= 
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Anſwer, Miles 25020, Furlongs 200160, Poles: "7? 
8006400, Yards, 44035200, Feet 132105600, Inches 
15852 67200, Barley Corns 4755 80600, 

Duet. 6. How many ſquare Yards are there in four 
fquare Miles. 

Anſwer, 49561600 ſquare Yards, 


Of TIME. 2 
From the Creation of the World, to this preſent” Year j 3" 
1746, by the beſt of Prophane Hiſtory it is reckoned 5695 
Vears, how many Minutes are there in the ſame ? 4 
S8 I ele rl. 1 
l . a 
One Year is 265 6 1 
24 4 
14.66. 4 
730 
Hours 8766 in one Vear. 
69 | 1 
Minutes 525960 in one Year. 9 
Vears 5650 8 . | 
2629800 .. 3 
4733040 I 
3155750 
2629800 
Anſwer 2995342200 Minutes. 


Duet. 7. How many times doth a Clock that ſtrikesñ 
Hours, Halves and Quarters, flrike in a Year ? 36 

Hence, . becauſe it ſtrike Quarte's, that is ten times in 
one Hour, excluſive of the Hours, amounts to 240 times in 
24 Hours, and the times it ſtrikes in 24 Hours excluſive 
of the Quarters, are 6 added to 240, makes 396 times 
the Clock ſtrikes in 24 Hours one Day which | multiply'd 
by 3054" will produce 1446439 times that the Clock ttrikes 
in « Fear, But 396 > 365 = 144549 + 815 744621 
the true Anſwer, | 


1 


— Que. | 


* 
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| 1 Quel. 8. If the Difference of the Times of the Lunations 
in 19 Years be 1 5. 281 18, how long will it be before 
it comes to make one Day? 
Anſwer 310 3437 Years. 
| Que. 9. I would put 100 Hoſheads of London Beer 
XX into 50 Wine Pipes, what muſt the Caſk contain which 
receives the Difference? 


Ale to Wine 1.220779 
FaNtors Wine to Ale 819148. 


Anſwer 443 Hogſheads, Beer Meaſure, 
See my Royal Guager, pag. 147. 


* CHAP, III. 
* Of PROGRESSION. 
1 DEFINITION. 


ROGRESSION i two fold, viz. Arithme- 
f tical, and Geometrical 
2 Firſt, Arithmetical, Fragreſſion, is when Numbers do 
proceed by equal Difference, either increaſing or decreafing, 


4 4 % % „% Ss. 0 2». 0%. tO, 116 291 

4 As 55 5 8 17 14, 17, 20, 23, 26, 29, 32, Ce. 
40, 38. 36, 34, 32, 30, 28, 26, 24, 22, 20. 

BE In the Firſt of theſe, is a continual Increaſe of 1 ; in 

„ the Second of 3; in the Third a Decreaſe of 2. 

1 If never ſo many Quantities are ſo proportional (as above) 
the Double of the Mean is equal to the Sum of the two 
Extreams, as 1, 2, 3, the Double of the 2, the Mean, or 
middle Term, is equal to the Sum of x and 3 the two Ex- 


Teams, es. 4. 
To find the Sam. 


The Sum of any Arithmetical Proportion, the Sum 
of all the Terms may be found if you multiply the Sam 
of the firſt and laſt by half the Number of , or the 

Number 
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Number of Places, by half the Sum of the firſt and laſt 
Terms, the Product will be equal to the Sum of all the 
Terms. | 

So in the Firſt Rank of Numbers, above the Sum of 1 
and Tz is 13, multiply'd by 6 half Number of Places, the 
Product 78 is equal to the Sum of all the Terms. And 
ſo often doth a Clock ſtrike in 12 Hours, 

Four Numbers in an Arithmetical Proportion, the Sum 
of the two Means, is equal to the Sum of the two Extreams, 
So 2, 5, 8, 11, the Sum of 5 and $ is 13, and the Sum 


of 2 and 11 18 13. 


ADUESTION. 


There was a Wager laid between a Taylor and a Gen- 
tleman's Servant, the Taylor was to gather oo Stones laid 
a Yard aſunder, and the other was to run two Miles and 
a half reckoned, from the Place where the Baſket was to 


tand, and back again- (1 was an Eye Witne(s of the Per- 


* 


formance), The Taylor won the Wager. Now let us ſee 
how many Miles the Taylor Run, in gathering up the 
Stones. 
An Hundred Stones right in a Line, 
East a Yard aſwnaer, 
How many N ſiles then dath be go, 
That gathers up that Number. 


See the Work. 


Sum of the fiſt and laſt Terms = tot 
| Half Number of Places 50 


— — — 


Sum of all the Terms - - - - 5050 
| 2 


Doubled are the Number of Yards = 10100 


The Place where the Race was, they have 8 Yards to 
the Pole, fo that it amounted to of their Miles 3, Furlongs 


7, Poles 22, and 4 Yards. But 53 Yards to the Pole, it 
amounted to 5 M. 5 F. 36 P. 2 7. 


Queſf. 2. By having the firſt Term and Common Exceſs, 


to find the laſt Term of any Progreſſion, tho' never ſo large. 
3 | RU L E. 


1 


. 


Of ARITHMETIC. 29 
N | RULE. | 
Multiply the Number of Places leſs by one, the 


Common Exceſs, and to the Product add the-firſt Term, 
this Sum is equal to the laſt Term ſought, 


EXAMPLE. 


In a Series of Numbers, where the firſt Term is 2, the 
Common Exceſs 3, and the Number of Places 11, what's 
the laſt Term ? | 

. Operation. 
Number of Places lels 1 = 10 
Common Excels s 3 


Produſt - - - - 30 
Firſt Term add - - — 2 
— 


Laſt Term . 32 % | 
veſt» 3. The firſt and laſt Terms and Total given . 
4215 2 Number of Places. Sven, to 


Divide the Sum of all the Terms by the Sum of the firſt 
and laſt Terms, the Quotient is equal to half the Number 


of Places. 
EXAMPLE, 


Let the Sum of all the Terms be 972 and the Sum of 
the firſt and laſt Terms 34, what's the Number of Places. 


Anſwer 11, 
Que. 4. The firſt and laſt Terms, and Number of 
Places given, to find the common Exceſs, *” | 
RULE. 
From the laſt Number take the Firſt, the Remainder is a 


Dividend, which divide by the Number of Places leſs b 
1, the Quotient is the * Exceſs ? f 


EXAMP LE. 


Let the laſt Term be 32, and the firſt 2, the Number 
Places 11. What's the common Rxcels 2 wp 
Anſwer 3. — | 


Nel. 


* 


i, 
* - 
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Queſt. 2. Progreſſion Geometrical or Geometrical Pro- 
portion continued, is when Numbers proceed by equal 
roportion or Ratio's, that is, according to one common 
Multiplier, or Exponent of the commom Ratio, whether 


increaſing, or decreaſing. 

As, 2, 6, 18, 54, 162 489, Ge. 

Here 3 is the common Exceſs or Multiplier. 

Three Numbers in a Geometrical Proportion, the Square 
of the Mean, is equal to the Rect-angle of the two Ex- 
treams, 80 2, 4, 8, being given, the Square 4 is equal 
to 16, equal to the Product of 2 by 8 

Four Numbers in a Geometrical Proportion, the Rect- 
angle, or Product of the two Means, is equal to the Rect- 


angle, or Product of the two Extreams, 


EXAMPLE. 


Let 6, 24, 96, 384 be given, the Product of 24 by 
96, is equal to the Product of 6 by 384, viz. 2304. 

If over any Rank of Geometrical Numbers, you place 
a Series of Arithmetical ones, beginning with o, the Au- 
dition and Subtrafion of the Indexes, anſwer to the My/- 
giplication and Diviſion of the Numbers they ſtand over. 


EXAMPLE. 


Indexes o, 1, 2, 3, 4, 5, 6, 7. 
Numbers 1, 2, 4. 8, 16, 32. 64, 128. 


For 2 added to 3 make 5, which is the Index of 32, 


equal to the Product of 4 by 8, alſo the Index of 2 and 
4 is 6, and the Product of 4 by 16 is 64. 
In this are two Caſes, which we ſhall briefly ſet down 


for the Learner's Practice. 
CASE I. 


The common Exceſs and the Number of Places given, 


tofindthe Lait Number. 


RULE 


Multiply the Number belonging to any. one Place by 
itfelf, and that Product ſhall be the Number or Term 


belonging io twice lo many Places wanting one Place, which 


Term 


* 
oY, 
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Term multiply by the common Exceſs, gives the Term of 
the Progreſhon that you ſeek. 


EXAMPLE, 


Let the Term or Number anſwering to the 334 Plage, 
or Sum of all the Terms be ſought, the common Excels 
b:ing 2. 

Here by obſerving well the Premiſes the following Work 
will be evident, 

For Firſt, You ſee the Farthings anſwering the 5th Nail 
ate 16, which being ſquared are 295, the Farthings an- 
"2X {wering the gth Nail, or Place, and 10 on, as you lee here 


= ler down, | 
Wo Farthings. | Nails. 
| _ , 1 1 
1 | 4 1 3 
' 165 
1 16 ſquared is equal to- 2559 
2551 
1530 
1280 
912 


259 ſquared is equal to - - 65536 | 17 
O5 535 
393216 
196698 - 
3276t0 
327689 a 
393216 | 
65536 ſquared is = . 4294907290 | 33 
Here you ſee that 65536, the Farth 


17th Place, or Nail, being ſquare 
anſwering the 33d Pla | 


inge anſwering the 
d, gives the Farthings — 
de, and ſo on 44 enfinitum. 4 


CASE II. 


Given, the common E | 
the Sum of all the 88 and the lit Term, to fad 


N 


5 Rol 
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RULE. 


Multiply the laſt Term by the common Exceſs, and 
from the Product take the firſt Term, divide the Remainder I 
by the common Exceſs leſs by one, the Quotient is the Sum =? 
of all the Terms. 4 


EXAMPLE, 
What's the Sum of 1, 2, 4, 8, 16, 32. 
Operation. | 1 
Laſt Tem 32 ö 2 
Common Exceſs - + - 2 : f 
64 1 
Firſt Term Subt. 1 1 


1) 63 (63 
Anſwer 63. 
By this Rule is ſolved the Queſtion of buying a Horſe 
having four Shoes. and in every Shoe eight Nails, at a 
Farthirg the fir Nail, and ſo doubling to the End of 32 , 
Nails, by working acco:ding as has been taught above, you 
will find the Sum of all the Terms, or Farthings to be 
42949572 5, which reduced are 4473924 “/. 55. 3d. 3 9, 
and ſo much doth the Horſe coſt at that Price. 


CHAP. IV. 


j 
The Single RULE of THREE 2 
Direct. | 4 
DEFINITION. ' 


H E Rule of Three, or the Rule of Proportion, is 
commonly called he Go/den Rule, for it's excellent 
Die, it teaches to find a Fourth Number, which ſha'! have 


RR 
OL,” 


\ e 


the ſame Proportion to the Third, as the Second has to the 
Fir, or as the Firſt is to the Second, ſo is the Third to 1 
the tourth, ' | 6 
This Rule is known thus; If more require more, or N 
dels require leſ, the Queltion belongs to this Kule: 10 


by. How . 


g 'Y 


vc an 
8 


i 
i 
* 
1 
* 
LD 
18 

pF 
* 
EL 

* 7 
Sy 
& 
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- How to State the Queſtion. 


The Demand muſt be always in the Third Place, the 
Fiſt muſt be of the ſame Name. 

And the Anſwer to the Queſtion will be of the ſame 
Name with the Middle Term: The Queſtion being thus 
Stated, multiply the Secord and Third Terms together, 


and divide the Product by the Firſt Term, the Quotient is 
EXAMPLE. 


Queſt. 1ſt, If 8 Yards of Cloth colt 161. 135, 4%. 
what will 64 Yards coſt at that Rate? 

Nete, Here the Demand lyech in the 64, therefore it 
muſt poſſeſs the Third Place, 


e 


20 400 
333 8) 256003 2000 
I 
4200 16 
FE 0 
2/0 1 


12) 32000 (26616 (133 


8 Rem. 65, ] 
80 
80 
Rem. 8 4. 


Anſwer 133 J. Gs, 8 4. 


Que. 2. A Fruiterer bought 2001 Apples at three for 
a Penny, and he alſo buys 2001 more, at 2 for a Penn 


wich he mingles together, and ſells them out at g; for Tv. 0 


Pence; I demand, whether he gain'd or loſt by the Bar- 
gain and how much ? |; 
Anſwer he loſt in the Whole 5 5. 64. 25 9. 
Reſt. 3. A Pqulterer had 60 J. left him for a Legacy, 
which he laid out in Eggs on this wile, viz. he bought 
D 2 | 301. 
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30 J. worth in at two for a Penny and ſold them out at four 
for a Penny, he alſo laid out the other 30/7. in Eggs, and 
bonght them in at four a Penny, and fold them out at two 
a Penny ; now do I demand whether he gained or loſt in 
the Whole, and how much ? 
Anſwer he gained 15 J. 
Que. 4. How many Ten Inch Tiles will ſerve to pave 
a Floor that is 18 Yards long, and 18 Yards broad? 
Aniwer 4199188. 
Quel. 5. If one Pound of Nutmegs be in value to 50 
Oranges, and 70 Oranges to 40 Lemons, and one Lemon 
worth thiee half pence, what's the Price cf cne Pouud 
of Nutmegs at that Rate? 
Anſwer 35. 6 d. 339. | 
Queſt. 6. If 6 Pounds of Pepper be worth 13 Pounds 
of Ginger, and 19 Pounds of Ginger be worth 4+ of 
Cloves, and 10 Pounds of Cloves be worth 63 Pour ds of 
Sugar, at 5 4. per Pound, what's the Value of 100 
Weight of Pepper ? ; 
Operation. 
Pepper 6 = 13 Ginger. 
Singer 19 = 4 25 Cloves, 
Cloves 10 63 Sugar. 
Sugar 1= 5 Pence. 
What Pence = 112 Pepper 
Anſwer 7 J. 25. 54.3 157. 


CHAP. v. 


The Singl' RULE of THREE In 
direct, or the backwardRUL E, com- 
monly called Inverſe, | 


DEFINITION, 
N this Rule there ate always three Te:ms given to find 


a fourth, that bears ſuch Propoition to the fiſt, that 
e Second doth to he Third, 


How 


— 


, bd 88 — . 
8 - " 1 42 Aw” 1 


. 
— „ = 
P * 


7 
4 4 . a 3 a 
* 9 2 * 8 2 * * 
ä Sag hs 4 9 * 
anc KL FE "OF Os «Ha SPY 
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Hot to the State the Queſlion. 


Here, the Demand muſt be in the third Place, the firſt 
and third of one Name every Term brought into it's lon eſt 
Name, then the Product of the Firſt and Second divided by” 
the Third, gives the Anſwer, which is always of the ſame 
Name with the middle Term. And the Queſtions that 
belong to this Rule are always known thus; if leſs require 
more, or more require leſs, the Queſtion is indirect. 


EXAMPLE. 


Dueft. 1. If for 20 3. I have 7 C. ; 9. 4 lib. car- 
ned 40 Miles, how much Weight may IL have carried 30 
2 Miles for the lame Monngy ? 

* Here leſs requires more, that is, leſs Miles, requi:cs 
more Weight. | 


* Operation, 
7 5 M. C. 2, lib, M. 


30) 34880 (116233 10 1 142. 


\ 

1 ä 

3 40 lib. Gs Or 06 
ö 


Queſt, 2. How many Yards of half Yard-wide will 
line a Cloak, Which hath in it 5 Yards of 7 Quarters wide ? 
Anſwer 17 y. 2g._ | 

. Rueft. 3. A Meſſenger makes a Journey in 8 Days when 
the Be, is 10 Hours long, I 1 — * 4 in — oY: 


Deys he «ill go the (; . 
er 


Anſwer 5 O. 8 H. | 
D 3 CHAP 
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CHAP. VI. 


Of PLURAL PROPORTION, 
Or the Double Rule of Three Direct. 


DEFINITION. 


E RE are always hve Numbers given to find a Sixth 


in 1 in three of which there always lyeth 
a Suppoſition, and a Demand in the other two, and this 
may be done either by two ſingle Rules of three, or elſe at 
one Operation by ſtating the whole five Numbers, as 1 
ſhall ſhew in an Example. 


N. B. When the Wages or Money is Sought, the 


Queſtion is Direct; but when the Miles or Weight is Sought 
tis Inverſe, 
| Wee t. A Carrier receives 14 c. for the Carriage of 
one Hundred Weight 50 Miles, I demand what he ought 
to receive for the Carriage of 3 C. 12. 18 J. 20 Miles, 
Firſt, I ſhall work it at two Operations by the Single 
Rule of Three Direct: And here Note, it matters not 
whether I take the Weight or the Miles in the firſt Opera- 
tion, for. the Anſwer will be the {ame which ever be 
taken, Firſt I ſhall take the Weight, and work it thus, 


„ G. . M6 
iin 3 2-18 


. 


— ſD—— 


1120 334 (47 „ 9.9. 
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Szcondly, If 50 M. : 475. 9d.::20 M. 
| 12 


573 
20 


| 50) 11460 (2294, =195-1 4. 
Anſwer, 19 5. 1 J. og f. 


Secondly, If we take the Miles firſt, then the fourth pro- 


L rtional Term will be 54 s. which mult be the ſecond 
y Term in the ſecond Work, Thus 
a 1 lib. 3. lib. . d. 2. 
[ P If 112:5+ :: 382:19 1 © 
= - Anſwer 197. 14. 0t489- 
2 


t | 5 : The laſt Queſtion varied, which is a Prof of the Rule: 


c _ Every ns in this Rule may be varied, that is, 
0 it may be ſtated by puting what was before given, now in 
te Demand's Place. Thus, 

= If a Carrier receive 19s. 1 d. ogg for the Carriage of 
t = 3C. 12. 18 /is. 20 Miles, what muſt he receive for the 
Carriage of one Hundred Weight 50 Miles? 


© Anſwer 14 5. 
4 Both Queſtions are anſwered at one Operation as you ſee 
1 ow. | 
3 lik, M. 5s. C. . lib. M. 


Firff, H 113: 50: :: 3 1: 18: 20 
Anſwer 197. 1 d. of. 


C. Q: lib. M. 1. d. g. lib. N. 
Secondly, If 3 1 18. 20:19 10% 12:50 
Anſwer 14 5. ASS 


Queſt. 3, What's the Simple Intereſt of 2 Guineas 
for 76 Days, at 5 per Cent. per Annun ? 


Anſwer 5 d. 0 3433132 4 | , | 
: 4 CHAP 
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CHAP, VII. 


Of PLURAL PROPORTION, 
or the Double RULE of THREE 


Indi rect | | 
DEFINITION, 


| E RE are always five Numbers given to find a Sixth 

in an inverted Proportion. And as in all the fore - 
going Rules, ſo here, all the Difficulty lyeth in ſtating the 
Queſtion, and to know truly when a Queſtion falls' under 
this Rule, that they are ſuch as require to find Men, Prin- 
cipal, Time, Weight, &c. 


When Queſtions are wrought in this Rule at two Ope- 
rations, one is always Direct and the other - Inverſe, and 
the manner of ſtating is the ſame in both the Rules. (i. e.) 
In Order then to know which of the two Stations muſt be 
Direct, and which Inverſe, Place the Five given Terms in 
this Order, ix. ; 


C. A ib. 
| fo d. 7. J. 
ne. 
„„ 0: S. Bb, 
3 18 :: 50 Indirect. 


Hence, tis plain that I cannot afford to carry the fawe 
Weight for 14. that I did for 195. 1 4. ogg. the ſame 
Number of Miles, viz. 20, - Conſequently leſs requir:s 
leſs proves the 2 to be Direct. And in the Second 
more requires leſs, for tis plain, I cannot afford to carry 


the ſame Weight 50 Miles for the ſame Money that 1 did 
carry it 20 Miles, 
' Que. 2. 


it) e, . . e 
144 14: 112:: 19 1 of Direct. 


$0 : 112 : ; 20 Inverſe; go 
Ta 


l * 4 , * 
. a, a rs 
| — TIA CO” TIT , 
4 - 1 ha _—_ DS - wy =. . 8 8 
Py, 1 - i " a 1 "LC * 7 << IT . 
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In the firſt Station more requires more, and in the Se- 
2X cond leſs requjres more. 
1 To Hate the Qurftion. 


This being known, you muſt obſerve that the three firſt 
Terms muſt be the Suppoſition, and the Demand in 
the two laſt Places, and that you put in the firſt Place 
the Work, the Price, the Intereſt, the Produce, & 
and the ſecond Term muſt be Time, Principal, Weight, 
Miles, Men; the third Term muſt be of that Name you 
are ſeeking ; the firſt and fourth of one, and the ſecond 

and fifth of the ſame Name, Theſe things being known, 
the Product of the ſecond, third and fourth Terms, divided 
by the Product of the firſt and fifth Terms gives the Anſwer 
4 ] to the Queſtioa, 
7˙ | EXAMPLE, 


® 2ueſt. 1. A Carrier receives 19 1. 1 4. of g. for the 

Carriage of 3 C. 1 2. 18 416. 20 Miles. I demand how 

much he mult carry 50 Miles. for 14. | 
q State it thus, 

"4.46 g. . C. N. i. „ Me 
19 1 of : zo : 3 1 18: 14: :50 
Work according to the Directions, and the Anſwer will 
be 112 % = one Hundred weight. 


Nete, Every Queſtion in this Rule may be varied four 
pom! Ways, as you may perceive by what 
ollows. 


XX 2ue/. 2. A Carrier receives 14 5. for the Carriage of 
12 . 50 Miles, I demand how much he muſt carry 20 
iles for 19 s. 1 4. ogg. 
State it thus, 
s „ i. „„ % 4. Mo 
If 14: 50: 112 :: 19 1.0+: 20 


10 W 3 A Carrier receives 195, 14. of g. for 


/ cc WW (1 vs 


riage of 3 C. 1 2. 18 /ib. ze Miles, I t 
* 


— 


—— n — — 


—— — — 
— ——  - - — 


f 


Ss 
—— 
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how many Miles he may carry one Hundred Weight 
for 14 5. 
. State it thus, 
4. d. 46. 
190 1 c 3 1 18: 202: 14: 112. 
Anſwer 50 Miles. 
Queſt. 4. A Carrier receives 14 5. for the Carriage 


of one Hundred Weight 50 Miles, how many Miles muſt 


he carry 3 C. 1 2, 18 lib. for 19s. 1 d. ot g. 


State it thus, 
e . 
ien 19:4; 04:4; 1 18 
Anſwer 20 Miles, 


Quell. . Put out for 7 Months a Sum of Money, at 


5 per Cent, per Annum, and received for Intereſt 2 J. 17. 
47x 4. I demand what was the Sum lent ? 


« Anſwer 98 J. 6s. 5 d. 0343889 


| = 2, lib. M. 4. lib. N 


* 


* 


1 ad 
BD 
by „ 


9 


8 


* 


- 4 ö 


* 


u 
y 
k 
at 
= 


: 
{ 


* 


- 


* 


7 4 
= 
— 
p 4 
ö 
C 


I 
4 
\ 
4 
Y 
. 


1 


= 


Que. 6. An Uſurer receives 2 J. 17 1. 44 d. for the N 


Intereſt of 98 J. 6 5. 5 4. arzt, for 7 Months, I de- 
8 


mand in What time 5 J. will gain 1 C. Principal ? 


Anſwer 12 Months. 

I have given now the Ground and Foundation of Arith- 
metic through all Parts of the Golden Rule, | ſhall only 
touch upon the reſt of the Rules in a few Queſtions, and 
be as brief as poſſible. | 
Wü firſt of Single Fellowſhip, or Fellowſhip without 

ime. g 


— — 
— 5 — — nd 
, 


I. Single Fellowſhip. 


HIS is a Rule amongſt Merchants for Balancing 


- Accompts. 
TheRULE. 


As the whole Stock of all the Partners, is in Proportion 
to the whole Gain-or Loſs; ſo is each Man's particular 
Share in the Stoek, to each Man's particular Share in the 


Gain or Loss. | ; Quest. 
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= Our. 1. 4, Band C bought a Houſe, for 329 / 155 5, 
> 72. 4 paid one half ſo much as B, B paid one half ſo much 
C, what did each Man pay? 


| Nite, You may ſuppoſe paid any Sum at Pleaſure, As, 


ſuppoſe 12/. 
8e „„ 4 
alt | 4 4 ; 188 — 10 329 Theſe Fracti- 
Anſwer < 94 4 5 f ponsare in their 
47... 2 2 237 J loweſt Terms, 
= Proof 329 15 7 „„ 


Que. 2. Suppoſe the Grandfather 4, the Father B 
te Son C, met and ſpent 20s. when the Reckoning 
me to be paſd, the Grandfather would pay one Half. 
7 5. he Father one Third, the Son one Fourth, now I would 
ow how much each mult pay of the Reckoning? 


x 


the 1 0.66 
de- bs 19 2 38 
Aaſwer 23 6 1 333 
th⸗ Proof 0 
aly 1 1 | 
ind 6 = 22. 3. Four Gentlemen at the Tavern drinking till 
e Reckoning came to 20. the Duke would pay one 
out had, the Earl one Fourth, the Knight one Fifth, and 
2 4 he *Squire one Sixth Part, which Parts all together makes 
. x ny ig 5. now I would know what each mutt Pay ? 
Fo 9 5 4. d, 'D 6 
= Duke 7 O 0421 
u Wl Far! 5 3 of 
1 — Knight 4 2 2 | 
d # Squire 3 6 ot FL, 
on Proof 20 0 0 
lar a 
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II. Fel ouſbip with Time, or the Double || 
Rule. | 


RULE. 
ULTIPL Y the particular Stocks of each Perſon 


by the Time of Continuance, and the Sum of the 
ſeveral Products, make the fir Term in the Siogle Rule 
of I hree Direct, the whole Gain or Loſs the Second, and 
every Man's particular Stock, multiplied by it's Time, 
the Third. 

Que. 1. Three Merchants, 4, B and C, make a Stock 
of 2840/. of which A pays in 899 /. for 4 Months, B 
1681 J. for 7 Months and C 260 for 12 Months, with 
this they gain 1420/7, what is each Man's Share? 


4. . d. 9. 


4276 5 9 03259 

'  Anfwer <B 904 © 6 2222 
| C 239 14 © 171417 

Que. 2. A Ship's Company take a Prize of 718 15. 
which is to be divided amongſt them according to their 
Pay and Time they have been on Board; the Officers an4 _ 
Midſhipmen 6 Months, and the Sailors 4 Months, the 
Officers one with another 40 s. per Month, the M idſhip- - 
Mey 30 Shillings per Month, and the Sailors 24 Shillingss | 
per Month, there were 6 Officers, 13 Midſhipmen, and | ; 
93 Sailors, what muſt each. have to his Share? 2 


& 1. 4. 7 4 

| Officers 104 12 9 212548 4 
Anſwer Midſhipm. 127 10 7 15342 2 
| * { Sailors 486 11 6 374432 A 


Proof — 718 15 © 5 2 
III. Of Alligation Medial. 
DEFINITION. 


p 5 4. * to find a mean Price of ſeveral Simple, | Fog 


Þ . 2 Queſt. 1 


Of ARITHMETIC. 43 

veſt. 1: Admit there were melted and mixed together 
ad of Silver, one worth 57. 3 % and the other 
4 1. 9 d. per Ounce, and there were 3 Ounces of the For- 
mer and 17 of the Latter, what's the Value of one Quace 
of that Mixture ? 


Anſwer 45. 10 . 3339: | 

Ouef. 2. An Hoſtler mix'd Provender for his Horſes, 
viz. 18 Buſhels of Oates, at 2. 14” per Buſhel, with 19 
Buſhels of Beans at4 7. 0 . per Buſhel, and 13 Buſhels 
of Malt, at 3. 10 4 Ser Buſhel, now do I demand what 
a Peck of this Mixture is worth ? 

Anſwer 10d. - 


g 45 be N 

1 IV. Of Alligation Alternate. 
k - DEFINITION. 

4H HIS Rule hath it's Name from binding, tying, or 


= 
, + uniting mary Particulars. into one Maſs or Sum: 
ir bor nere are always given the particular Prices of ſeveral 
Simples, and thereby we diſcover ſuch Ouantities of tho'e 


Simples, as being mingled to tcgether, ſhall bear a certain 

p- Rate propounded. 

Dues A Vintner hath four Sorts of Wines of ſeveral 
Prices. g. one of 4s per Gallon, another of 4 5. 6 4. 
other at 5 s. 2 d. and another of 6 J. per Gallon, of 

which Wines he would have a Mixture made of 60 Gallons, 


* 
and to bear a Price of 5 7. per Gallon, I would know 
We how Much muſt be taken of each Sort? 


* 


q Note, You muſt always be careful to link two together, 


whereof one greater, and the other leſſer than 
— the commen Price. 


RULE 


Then as the Sum of the Differences, is to the Sum pro- 
pod, 10 is each . Difference, to each rie lar 


Quatititt/ 


. ple; 
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Quantity. And every Queſtion may be linked ſeveral | 
Waysas appears by theſe Examples. N 


6o d. <\ 34 


3 
Nw 
— — 
e ONYD 
Differences 
Oo 
Ss aac. Js i 


Sum 32 4 
1 
12 2225 YN 
2 * 
As 322 : 60 $52 
I "IF 
12 2214 10 : 


Pavof = Go 


A Second Way of Linking. 
(438 12 
1 555 — 2 f 
72 — 8 
| Sum za j 
12 2242 


— 


A Third Way of Linking. 


85 4 12 12 
54 2, 121 

60 4. 1 6 8 

72 6, 1218 
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12 1 
14 I 73 

; 18 : 2145 

N ' Sum 60 Proof 


| By the Work above it is plain, that in the firſt Way of 
Linking. there muſt be 221 of 4 s. er Gallon, in the 
X ſecond Way there muſt be 21 of the ſame Sort; but in 
the third Way, there mult be of that Sort 1435 Gallons, 
ad ſo of the reſt. 


= 


4 > 
- 


v. Of Yukar PR ACTIONS. 
DEFINITION, 


8 H E Word Fract ion ſignifles a Breaking. or Breach 
1 | of any entire Thing into Parts; now the Unit, or 
entire Number which is to be broken, may be any thi: g, 
TY one Pound, one Yard, one Year, Ce. 
This Table will explain the ſeveral Names of Fractions 
better than many Words, | 
Numerator 1 3 
7 — d- | 
Denominator 4 5 ff 
Proper Fractions are, 4 or 5 or 
& Improper Fractions are, 4 or 4 or 1+ 
Single Fractions are gor 15 or r or 
Compound Fractions are, + of 2 of 5 of 


1 
f r 
Mixt Numbers are, £4 or 124 or 44 or 1 


7 
18 
Now before we can proceed in the known Rubes, we 


Nuſt firſt know how to reduce a Fraction into it's ka.wn 
Quantity, according to the Nature of the Quetlion. 


1 And if the Fraction is mixt, mu'tiply the while 

Number by the Denominator, and to the Product add 

he Numerator, that Product is a rew Numerator, Which 
lace ove: the Denominator and 'tis done. 


E 2 2+ Is: 
4 i 
; 


/4 


= 


v2 
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2. If you would reduce a whole Number into an Im- 
proper Fraction, multipiy the given Number by the in- 
tenced Denominator, and place the Product for a Nume- 
ra or over the intended Deaominator 


3. When you have an Improper Fraction to reduce 
into a Whole or mixt Number, divide the Numerator 
by the Denominator, the Quotient is the whole Num- 
ter, and if any thing remains, place it for a Numerator 
over the Divilor, or Denominator. 


vt If you would reduce Fractions into their loweſt 
erms. | 

Firſt, If they end in Cyphers cut them off, and take the 
half ol the ſignificant Figures as long as you can. 

Sreond'y, If they both end in 5, or one 5 and. the other 
ia ©, then divide them ſeverally by 5, and the two Quo- 
tients ſhall be equal to the Fraction given. 

Thirdly, But the beſt Way is to find a Common Mea- 

-ſare, by dividing - the Denominator by the. Numerator, 
continuilly till nothing remain, and this laſt Quatient will 
bea Common Meaſure that will divide both Numerator 
and Denomipator without any Remainder, and reduce the 
r raction in it's loweſt Term. 


So if 323 were the Fraction given to be brought ints 
ifs low ell Term, the Work will Rand thus, 


- 


126) 246 (1 
126 
| 120) 126 (1 
120 _ 
6) 120 (26 


o 
6 is the common Meaſure. 


6) 246 (41 6) 864 (145 
Anſwer A; in ivs loweſt Term, 
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. When you have a compound Fradlion to bring into 
a fing!e Friction, multiply all the Numerators together 
for a new Numera'or, and all the Denowinators together 


dor a new Denominator. So f of f of J of s will be 55%. 

4 ſingle. | 54h 
2 4 2geft. 6. When you would find the Value of a Fraction 
in any known Meaſure, Sc. multiply the Numerator of 


te given Fraction, by the Parts of the next inferior De- 
'r WF romination, and divide the Product by the Denomi ator, 
dhe Quotient is it's Value in the ſame Parts you mu't pliel 


XX ty. do if z ofa Pound Sterling were given to know it's 
& LValue, you will find it tobe 14s. 34. 15g. 
= Alo4Z of Zof 4 of 4 Shilliags is 17. 
i And z of z of a Mile, you will find to be 3 Furlong, 
| K 30 Poles, 5 
er And j of g of à Vard is 29 0, 8. 
o- = And 4+ of an Ell Engliſh, is 49 24 n. 
4 And 33 of a Week, 554 3 5 12, | 
"Pp 7. When you have Fractions of unequal Tetominas 
Yr, tions, firſt bring them into their loweſt Terms, then 
ill > multiply all the Denominators together, for a common 
or Denominator, then multiply continually the Numer..tor of 
he each Fraction by- all the Denominators except it's own ; 
and that will give new Numerators to be ſet over the com- 
mon Derominator. 
is „ Reduce F and to a common Denominator, a 
14 Anſwer 1 and 1+. * 


8, When you have Fractions to be reduced from ots 
Denomination to another either aſcending, or deicen tins 


a > =o 
1. When a Fraction is brought from aicfſer to « grdattt 
3X Denomiuation, make of it a compou d Faction by coins 
3 paring it wich the intermediate Denominatious between it 
by 


"8 and that you would have it re uced to, then by the 5 he. e- 
4 „ bring it into a ſingle Fraction, and 'tis done. 
E X AMP LE. 

1 What Part of a Pound Sterling is ofa Penny? 
1 Firſt make of it a Compound Pratt:on, thus + of r of 

vb, and by the 5.hereof it is, 35 of a Pound Sterling. 

| So r ofa Perny is 2 of a Shilling, 

What Part of a Pound is 8 7 
Aniwer, 3 


2 1 SE. 2 | 
2 | 1 0 tho =? = What 
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What part of a Crown is 2 of a Penny > PL Af 2 

W 7 24 · . ar of 

2. But if you would reduce a Fraction of a greater, to 
2 Frattion of a leſſer Name, multiply the Numerator by 
the Parts contained in the ſeveral] Denominations betwixt 
it 3 and that you would reduce it to, and Place the laſt 
Product over the Denominator of the given Fraction. 

E XAMPP LE. ; 
Reduce the + of a Pound to the Fraction of a Penny? 


Anſwer, 3. | 
Vl. Of ADDITION. 
EFORE Fractions can be added they muſt he 


reduced to a common Denominator, if they have 


not ſuch. 
2reft. 1. What's the Sum of + and: and {and + of a 


hs V2 


_ 
Shih ing ? 
Aniwer, 2 4, 2d. | 
Quell. 2. What's the Sum of 4 of a Farthing, + of a 
Penny, + of a Shilling, and of a Pound? © 
Firſt by reducing them to the Fraction of one Farthing. 
4 9. 3-4. x 5 + J. ' 
Fin, the Numerator 3 of the Pound is multiplied by 
the Farthings in a Pound, 960\== . 
Seconaly, The Numerator of the Shillings is multiplied 
by the Farthings in a Shilling 48 = , gr. | 
Lafily, The Numerator 3 of the Farthings, is multiplied 
ty 4, the Farthings in a Penny, and it is 7 grs. 4 and 
now becaaſe they have all one Denominator, the Work 
Lands thus, 


Numerator, 


— — 4 12 . 
1 2941 ( 735 6463 (045 
— — — 

3 3 


; . 1 
Anſwer 17. 34. 31 f. 
* Sicon dl y 


above. 
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Secendiy, L ſhall give the Solution by reducing them to 
the Fraction of a Pound, by making of them compound 
Fraetions ; thus, 


of Er of « Sin le | 
; of 5 Single * 75 Pound. 


l = — - — 


Being reduced to a Common Denominator will be 


To £65 737435 787428. 
Anſwer 33 188 —I55- 3 4 TYM 


weſt. 3. What is the Sum of J of a Minute, + of an 
Hour, + of a Day, 4 of a Week, 1 of a Month, and 5 of 
a Year ; ſuppoſing the Year to contain only 13 Months ? 


Anſwer 12m. Cro. 64. 135. $' 40d. 


ES * 


vn. Of SUBTRACTION. 


F the Fractions have unequal Denominators, they muſt 
be reduced to equal Denominators as has been taught 


What's the Difference between Ig and it 

Anſwer & = 

What's the Difference between + and + of any thing 

Anſwer . 

What's t! be Differenee between 3 of þ, and # of 3; of a. 
Pound Sterling ? . 

Anſwer = 34. 94. — 


What's the Difference between 3 and 5 +?* 
Anſwer 22. 

What's the Difference oetween 1 and 27 
Anſwer 1. 

What's the Difference between 14. 3 and 29.77 
Answer 14 21 


N. B Subtract the Numerator of the greater Fraction 
from the Denominator, and add the Remainder to the. 
Numerator of the leſſer Fraction. 


— 


=” 


i 
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VIII. Of MULTIPLICATION. 


F the F:iaRtions be fingle, multiply the Numerators 
together for a new Numerator, and the Denominators 
together for a new Denominator. 
2. If the Fraftions are mixt Numbers, re luce them to 
. FraQtions. 
If they are Compound, reduce them into ſingle 
FraQions. 
Beſt 1. What's the Product of 4 by r? 
Anſwert x- 35 
Queſt 2. What's ni 217 
Auſwer += 
Dueft, 3. t's K. Product of 5 by 12? 
Anſwer 
Dueft. 4. Whats the product of 4 of 3 of by 3? 
Anſwer g | 
eg. 5. What's the Product of 2 of 3 of by 7 4 ? 
'" Anſwer {;- | 
2 6. What's the Product of 5 & by 3 
- Anſwer 16 f. 
Que. 7. What's the Product of 3 of a Pound multiplied 
by 2 of a Pound ? | 
Anſwer += 105. 
Que. 8. What's the Square of 37. don A "Rey the In- 
teger, ? 
anſwer 96. 0138132327 
But if a Shilling be put ſor the Integer, the Anſwer * 
will be 15 5. 44. Of; 9+ | 


1— 


— —„ 


* — 


IX. ' Of Drvifion of Vulgar Frafions, |! 

H A T has been ſaid in the laſt Article of ing 
VV of Fract ions, muſt be obſerved — 22 * 

Queſt; 1. - What' s the Quotient of ; divided by 3 


-, RULE, 

" Multiply the Numerator of the Piviſor by the Penomi- 
nator of th: Dividend, and the Product is a new D. nomi- 
nator, er the Denominator of che. Divilor by the 

| Nu- 


* 
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Numerator of the Dividend, the P roduct is a new Nu: 
merator. See che Work. 


D4(r3=15%5 
Quef. 2. What's the Quotient of 4 divided by 22 ? 


öl 
Qual. 3. What's the Quotient of + divided by? 


| 140 
Nate, As in whole Numbers, ſo here you ſee Vaity 


— multiplies nor divides. 


Rueft- 4. What's the Quatient of g of of + divided 


by 2 3 of, of , 
068881 
Breſt. 5. What's the een of + of 4 divided by 7 > 
$038 (x55 
Ugh. 6, Whats the Quotient of Job 4 of & aid 
f b 
| Sb => 35 
Duet, 7. What's the Quotient of 4 1 3 by 33 12 
291 == 41 
Rueſt, 8, What's the Quotient of 8 2 divided by 2 2 of 3? 
T3) DIe 
e. 9. What's th the Oy of 9.7 divided by 15 ? 
iS * 01 
DPueft. 10. What's the — 4 of 16 divided by 4 ? 
| 1 x 09 2214 
| | 17 11. What's the Quotient of 20 divided by 
1 2 * is 98654 2180 
Vel. 12. What' g 12 Quotient of, 30 divided by 51 7 
er | 
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X. The Single Rule of Three Direct in 
Vulgar Fractions. 


QUESTION I. 


F 124 Yards of Cloth coſt 155. 9 . what will. 485 
Yards coſt at that Rate? A Shilling che Cw 
Net. it Dp 


1 : 9 4 l 
Anſwer J. 05. 9d. 28 
The ſame Queſtion anſwered by putting a Pound, forthe 
Integer, 
dei. it thas, 


117 188: * 92828 | _ 
Anſwer 3 /.o5. 94. 1 9: 1 


Dueft. 2 If of a Yard of Cloth coſt 3 of a Pound. 
what will 4 of an F 4 iþ Ell coſt ? | 
Nate, The Yard muſt be reduced to the Fraction of an 
Ell, or. elſes the Ell to the Fraftion ofa Yard ? 
by the firſt it will ſtand thus, 
. is + of + 1 an Ell. Single 10 Ell. 


As 5, A 
S :; —2 
Anſwer 2 J 1 * 


Duc. 3. If an Ounce of Gold be worth 3 J. 18 4. 14. 
how 2 may buy for 342 4. 

Anſwer 18 p. 103354 gr. 

WP 4 If 1% Herring coſt 14 4, how many may I 


buy for 14 4. 
Anſwer 11. 


For as the ſecond Term i is equal to the firſts ſo will the 
fourth by be to the third. 


"XI, kak of PRACTICE 
- DEFINITION, 
Pe is a Rule which expediticuſly an- 
e 


— 


ſwers Queſtions in the Rule of Three, when the firſt 
rm is Unity or 1: And forthe Reader's better Improve- 
ment, he muſt be ſure to get che following Table by we 
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A Table of Aliquot Parts. 


Even Part: | Fraftional | Uneven Even Fract io 
of a Pound] Parts. Parts of a} Parts. na] 
Pound. | Parts. 
rr! N | 
10 0 + 9 10 5 4 z 1 1 
6 8 1 | 18 10 4 4 N 1 
5 17 10 27 rs 
4 0 16 10 1247 x 
3 41 's 10 5 f 
2 6 14 19 4 025 
1 „ nne 
$ I 8 A I 2 10 3.0% 10 
A  $|-.& 5 4 2] 45 
se 9 5. 4 0| 35 
1 ow| & |* 4 4 0| FF 
1 0: BE &:7 M4 5 2 OJ] + xe 
3 oO 74 Ir 15 | 4 2 [r 
8 e M 2 1 01 
ven PartsEven Parts Even Parts Even Part 3 
ot a Shill [of a Pound. of a Pound. of a Shi lim f a Penny Þ 
= IP 1. N 
5 is 4 6 Fo | 1 938 1 77 1 2 
4  F| 4 2 78 2, ix 2 2 
3 | nn 
2 8| 2 1x6 
11 +| 123 r35 | : 
T I 1 2 | 


Note, Aﬀer Diviſion. if any thing remain it is of the 
fame Nane w h your Diviſor, as in the firſt Ex- 
ample ſol ov ine, at 3 g. per Pound, we divide 
by 16. the Quotient i. 53 Shih ings, and there 
remains ©, t is, Six hier warthings, or 445d. the 
like is to be obſerved of any other, L 


, TS 


7 


"| 


FN 
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got at 54 per 92. 


2 3 : 747 
3 531. 2 
= 1 4. : 1 U 15 4 o 
Anſwer 2 13 4+ | 19 24 
— 5 
4 and at et 31 per C | 1 [4144 at 94%. per yd. 
150187 Et 15 378 -; 
=x| 33 3 || #3 e 7 3 
280218 9 17 31 
he 86 4. Anſwer | 16 8 12 
Anſwer 12 18 9 | 


When the given Price is 2 5. double the Figure in the 
Unit's Place for Shillings, and the reſt are Pounds, 
fp. 680at 1149. per Pound? 
Anſwer 317. 17. 6d. 
| Quo 6. 576% at 1344. per Yard ? 
Anſwer 317. 16s 6. 249. 
Auen 7. 207% at 194. per Day? 
Anſwer 16/. 87 144 
Pueft. 8. 863 at 2214. per Gallon ? 
Anſwer ol. 185. 144- 
Dee. 9 345% at 27. 349. fer Ell? 
Anſwer 951 10s. 114. 319. 
Dueft 10. 7601 at 25. 54d. per Buſhel ? 
Anſwer 931 10s 2/, oss. 
Que. 11. 639 at 25. 103d. per Quart ? 
Aniwer 92/ :os, 54d. 
Lee 12. 707% at 3s. 24d. per Foot ? 
Anſwer 11 7/. 155. 1d 319. 
How to caſt up 8 the Price of Gods, Ke. by 
R ers taly Rules 


1. By knowing your weekly Expence, to know what 


it comes to in the Year, 
2 RULE. | 

The Farthings in tath Wer k doth make appear, 

The Shilling and the Pence ſpent in the Year. 
2 Que 1. 


o 
;: 
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20. 1. If you pay 129rs. or 34. to the Poor, per 
Weck, what doth that come to in the Year ? 
Anſwer 125. and 12d. to 139. | 
By knowing your daily Expence, to know what it comes 
to in a Year. , L 


RULE, 
Number the Pennies of each Day's Expence, 8 


So many Angels, Graats and Pence 
You ſpend within the Vear's Circumfertnce. 


Auel 2. If a Labouring Man Earn 91. per Day, 


what is that per Am Fu 
Solution. 
5 J. 1. 4. 
Nome | 9 0.0 
Ange - 4 10 © F 
9 3 Greats o 3 © 
1 Pence | o o 9 
f — 
| Anſwer _ 13 13 9 


_ 2 


Mie, If the Daily Expence be Shillings and Pence 
red\ce all into Pence, then Work as — 4 0 


3. By knowing your yearly Expence, to know what 
it colts per Day. | Sls 
N ee RULEZ. 
The third Part of tht Pounds you yearly have 
Ticld: Two Pence every Day to 50 3 4 


Nate, For every one that remains add Three Parthings3 
but this Rule will give a lictle too much in the 
Anſwer, however it may be of Service to ſome 
who do notunderſtand Figures, | 
1 
If the yearly Rent of the Houle be 6/, what i 
Day yearly e 6/, what is that per 


Anſw by che. % 45 . 
ar dns. aa aaa 65 


F | RY 4 By 


= 


- 
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5 4. — owing Ha Price of a Pound Weight of any 
Handel, u Farthings, F of th grex 
or ( 
For every Farthing that ant Pound doth of | | 
Reckon Troo Sbillings and a Groat. 
5 EXAMPLE. 
At 7 grs. per Pound, what 112 46. 


Anſwer 16s. ; | 
Another Rule by Half Pence, to know what 1 112 


Pounds comes to. 
R U L E. 


As many Half Pence that each Pound doth coft, 
Co many Crowns the Hundred, bating ſo many Groats, 


EXAMPLE. 
1 328. per Pound, what coſt 112 lib. 
Solution.” + {| 
3 . 
35 „ 11. .de, dener. 


6. Another Rule by Half: pence. ad a IT 


Fach Half-penny 4 Pound that's ſold or bought, 
Nield; four th times 7 Shilling twice as many Groats, 


EXAMPLE, 7 
a 824. pet Pound, what coſt 112 lib. of 
| | Solution. 
| 820. = 17 Half-pence '7 
e 
.*\ 1 Shillings | 34 ' Groats = 114. 46 
Add 11 : 4d. 


20 (79 (3%. 198. 4d. the Anſwer, 


7 N 
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| By knowing the Price of 112 ads. in Pounds 
A Ty Shillings to know what one Pound coſt. 


RULE, 


| Take half the Number of Shillings that 112 /i6: coſt, 
Ind as often as 7 is contained in that half, take ſo many 
MF =rhings from that half Sum, and. what is leit are Par- 
Pings, the Price af one Pound, 

1 


EXAMPLE. 
If 112 A: coſt 6/7. 15. what coſt 1 lib. 
Solution. 
— 6 J. 1 8. 
20 ö 
121 


7 2 8 
Quct, 
. Rem, — Farthings == 1 34. 
& This generally gives too much. 


"—= 


XII. Of Barter. 
DEFINITION. 


DO ARTE R among Merchants, is the Exchanging 
D ) Wares for Wares, or one Comodity for another, and 
informs them ſo to proportion their Goods that neither 
may ſullain Loſs, 
= Lact, 1. Two Merchants, A and B Barter, A hath 
Nutmegs at 47, 6% per Pound, and B hath 246 Pounds 


ny BY 
cat 


9 <4 
12 = 
I 
4 
* = 
A " 


— — 
—— 4 ' 
IT 
L N « 4 


* 


of Pepper, at 2s, 44. per Pound, I demand how Muca 
Nutmegs A muſt give B for his Pepper 1 0 
Tus gd what the Pepper comes to thus, 
is, 4, lib, 4, 
If i : 28. :: 2466888 
g 4, A x 4, lib, 4 ; 
2dly, If 54 : 6888 :12742= 7 
By Anſwer 1273/16, * N Fe 


Yuen. 2. 
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L 
Pore! B bach Gigs 1 2 8 . 
how much Ginger muſt be delivered for the Pepper ? 
lib, gd, C. 4, 45 
Sey, If 1: 131 :: 34 22 1 
e 
Aal, 154 „ 1 :: 22 1 347% r 
Anſwer 347 Ur lib. 
Que. 3, A hath 14 C, of Sugar at 1 Pound, for 
0 


which B gives him 1 C, 39. of Cinnamon, mand how 
B rated the Cinnamon per Pound ? 
CG, 7. a, C, F, 
If 1 3 2 61:14: 4 
Anſwer 4 Shillings. * f 
Sat 4. A hath 4 Tuns of Brandy, worth $7, 167. 
= un, ready Money, but in Barter he hath 50%, 87, per 
un, and B gives A 21 C, 29, 114/i6, of Ginger 'for his 
Brandy I defire to know how B fold his Ginger in Barter, 
per Hundred, and how much it is worth in ready Money? 
T c 
Ifi- 37 16:: 4 16114 
ien e 
f, „ „ C. „ , , 9. 
If 21 2 114: 201 12::1: 9 6 7 392 
Tany, To know how much it was worth in ready 
Money. | j a 
5 1 C, 75 tb, J. 34 TE; J. J. 4, 7 
If21 23 114151 4:16 19 11 34533 
It was worth 1. 2 4, 65 
in Barter 7 34 | 
Anſwer worth ready 95 | oy 
Money, 6 19 11 33547 
wt. 5. A and B Barter, A hath 320 Dozen of Can- 


at at 45, 64. per Dozen, for which B gives him 30/. in 
N n Money, 


1 
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Money, and the reſt in Cotton, 84. per Pound, I demand 


z how much Cotton he muſt give him more than the 304. 


c 
If nz : 54 :: 320: 72 — 30= 42 
Ms fay, 
a, lib, l, C, 7. 
If 8 1:3: 42 3 11 1 the Anſwer. 
veſt, 6. A and B Barter, A hath 668 Yards of Broad 
Cloth, worth 14 -, per Yard, for which B gives him 125% 
125, ready Money, and 8;C. 29. 24/i5. of Bees Wax. 
I do demand how he feckon'd his Wax per Hundred ? 
I, 4. 7, t, J, l, 4. , 
11 : 14::608: 425 12 — 125 12 300 
C, | 7. | lib, A C, J. 4, 
Then if 88 2 24: 300 13 10 
Rueſt. 7. A hath Sug:r at 8d. per Pound, ready Mo- 
ney, but in Barter he requires 104. per Pound, and B hath 
Thread at 2 x. 37. per Pound: ready Money, at what Pr ce 
ought B to deliver his Thread at per Pound, to be cq ual 
in Barter with A ? 3 
= e d. 9. ̃ 
If's 10% 2 99 3theAnſer 
Dneft, 8. A hath Cheeſe at 2; s; per C. ready Mor ey. 
but in Barter demands 32s. B delivered in Barter Linnen, 


Cloth, at 189. per Yard, what did the Cloth colt in ready 


Money ? 


„ e 
132 25 1218 53 1 2 on 


Que. 9. A path 6 Tuns of Wine, at 40, per Tun, 


readꝰ Money, and in Barter requires 44/ per Tun, beſides 
he requires. 3 Part of his over Price in ready Money, B 
hath 500. of Tobicco/ at 3/. 15: per C. ready Money, 
how ought to be fell it in Barter? 


F 3 Se 
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| See the Work. 
STET EF TY YE emen, 
Jof = 14 13 4 From qo 0 © | 440 © 
? Sub. 14 13 4 | 14 13 4 
Rem, 25 6 8 | 29 6 8 


J, Ts, d, oy J, 4, tl, „% 4% J, 4, 75 
If 25 6 8:29 6 8:3 1024 1 
Anſwer 4 1 2 33332 per Hundred. 


XIII. Of Rebate, or Diſcount. 
f DEFINITION. 


EB ATE is the Difference between a certain Quan- 

tity of Money, due at a certain Day, and the pre · 

ent Value or Worth of it; or it is when one Man gives 
another Man Credit for the Goods he ſells, but the Debtor 
is willing to pay ready Money, with this Condition, that 
he may have lawful Intereſt for the Money he pays, and 
for ſo long Time as he pays it before it becomes . and 
this amongſt Tradeſmen is called Rebate or Diſcount. 


How to State the Queſtion. 
Fi, See what the Intereſt of 100 J. comes to for the 
Tim: demanded. 
\ Secondly, Add that Intereſt to 1001, which muſt al- 
ways be the firſt Term in the Rule of Three, and 100 7. 
the Second, and the Sum to be rebated the Third, 
Qyeft- 1. A ſells to B a Watch for 20 J. to be paid in 
6 Months, but B is willin 
pay preſent Money, upon Rebate, after 5 /. per Cent. per 


iam, Simple Intereſt, I demand the Sum paid and 
rebated? | 
| ; ; N, l, Ms, 4 1, 
Firſt, If i235 ::6: 2 10 | 
| . , 1, 1, a, gy 
- Secondly, If 102 10: 100 3 + 20 + 19 19 2 34433 
W l, 45 4, "4 
Sum agreed for 20 0 0 0 


The preſent Money 19 10 2 3419 
Sum rebated 9 9 9  Ofe55 
| Nele, 


upon an After- agreement to 
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Note, But if you would find the rebated Sum, ſay, As 
the Hundred Pounds with it's Intereſt is to the In- 
tereſt of 100 for the given Time, ſo is the preſent 
Sum to the Rebate. 


See the Work of the above Queſtion. 


l, 8 1. ſ, l, s 4, 1 

If roz 10: 2 0 3 20: 9 9 0 
Anſwer 9, 9d, 0528; , as above. 

Que. 2. Delivered a Bond to a Creditor of 254 /, 137, 
Z 44, which will be due 8 Months hence, but upon Rebate 
= at 5 /. per Cent.” per Annum, | am willing to make preſent 
Payment, how much is the preſent Payment, and alſo 
= the Diſcount? _. | | We 


N *., l, MA, J. fs 4, 
Firſt, If 125823 68 


45 4. 4, 1 7. 6d * 
Secondly, If 103 6 8: 100: 264 13 24 
Preſent Moneß 2356 2 6 3215 
Anſwer — —öB—üä— 


—: . 


| Rebate _ 8 10/9 Or 
Nueſft. 3. What's the Diſcount of one Pound tor one 


Year, at-5 /, per Cent. per Annum ? 
Prom wo . S -S 
reſent Money 0 19 0 2757 | 


} 
FT 2.1 Wit & L492 
* . 
- — — — 
ebate 
| Rebat £25 O 11 157555 


By this it appeers that one Pound in a Year is decreaſed 
to 19 5, Od, 25 9, at 5 4, per Cent. | 

298 4+ w/e the pre 2 Money and Diſcount of 
58 % 195, 34, for 172 at 5 /, per 
Annum, Simple Intereſt ? 1 . 15 mt 1 


2] 
8 


| 4 
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Quel. 5. What, the preſent Money zn Diſcount of 
7671. 8 , 44, for 239 Days, at 3 ½% per Cent, per Ann. 
Simple Intereſt ? TY 


8 7. „„ 4, 9 
Anſwer > Preſent Money 73 19 10 24112 
I Rebate 3 85 1333452 


— | 
| XIV. Of Profit and Loſs. - 4 
DEFINITION, 


HE Title itſelf is a ſufficient Explanation, for in 
Trade it is only to know what you gain or loſe by 
baying and ſelling any Commodity, In which are four 
Varieties. a. | wit 
1, To know what is gain'd or loſt per Cent. 
2, To know what it ſhould be ſold for to gain oc loſe ſo 


much per Cent. 


3. Having gain'd or loſt ſo much per Cent. to know = 


what it coſt. 11 

4. Lofty, There being ſo much gain'd per- Cent. when 
fold at ſuch a Price, to know what is gain'd per Cent. 
when ſold for more, or What is loſt per Cent, when ok 
for leſs. | > es 
QD. 1. If 1 /ib. of Tobacco coſt 18% and is ſold 
for 21d. I demand what is gain'd Cent. 1 
Dien s LG 
If18 : 34: 100: 16 13 4 


That is, by laying out of 100 7, you will gain that 
Sum, viz. 164, 125, 44. th 
Que. . If oo Engliſh Ells of Cambrick cot Eo /, for 
how much muſt oe Yard be ſold to gain 18 7, Cert. 
Fuſt find What one Yard will comte to at the given | 


— 


if 
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If go F. : 60 l. : : 17, 
# wy 4 


450 : 66 33: 4\3 108.80. 
Then to 100%. 
Add — - 18 


If 1097; : 105. 84. :: 118 127. 74. 


25%. 3. If 276 Fother of Leads (each 194) be ſold 

or 2567. at 5 Months Credit, and I gain 11/. per Cent. 

1 er Annum. The Queſtion is, how much the Whole colt 

1 ready Money? Kt 

4 | See the Work. 

| / , 98 to. rhe tes > 
Added *, © 


111 
en | 
If 111 3 256 2 100: 230 12 7 1&7 a 


ue. 4. If Cloth fold at 125, per Yard, be 100. pe? 
ent. Profit, what Gain or Loſs per Cent. ſhould I have 
ad I fold the ſame for 75. per Yard ? 


Operation, - 


| e. 
4 22 4 s. J. 4. 7. 14. . 10 —s 
| If 18 : 110:7 : 96 5 Sub. 26 
| 1co © from 2 Cunt 3g16 -8 


Anſw er lot 3 3 16 per Cent. 


A General Rule. Nn 
Where there is Gain ger Cent. add the Gain ger Cent, to 
100/, but Where there is Lo; ger Cent. ſubtract as much as 
you loſe per Cent. from 100. the Sum or Difference is. 
the third Number in the Rule of T * 2 


— 
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| AVE | 


XV. Of Exchange. 


DEFINITION. 


x XCHANGE is to pay Money in one Country, 
and receive the like Sum or Value in another, with 
- Conſideration of either Loſs or Gain 


Nate, The Par of Exchange is the fix'd and Standard 

| Value of Foreign Coins, &:c. expreſſed in Ster- 
ling Money of our own; 'tis ſo called, becauſe 
in Exchange one equal Value for another is 
iven. e 

The Courſe of Exchange is the Current Price of Ex- 
change, pron unſettled, being ſometimes above, and 
ſometimes below the Par, according to the various Cir- 
cumſtance and Accidents of Trade and Nations, 

Before I give any.Examples it will be proper to give the 
Value of Gold and Silver Coin. both of our own and 
other Nations: And firſt of our own as weigh'd in Air 
and Water. Troy Weight, b 


We'gh'd in Water. 


Air. 
fro. gr. pe. gr. 
A Guinea w—— 5s 9 8 5 
A Crown — 19 82 17 113 


- Half a Cron — 9 164 8 17 


, A'Shilling  —— 3 20% 3 114 


- vin Pence — 1 224 1 17% 
| [ | g 8 J. 4. d. 
One Pound of Gold is worth os 48 © © 
One Ounce is worth — 874 & & 
A Penny-weight is worth — © 4 © 
One Grain is worth — — 0 2 
One Pound-weight of Silver —_—_— 3 2 2 
2 * is worth — . 
ne Penny - weight is worth | © 0 305 
One Grain is worth © Oo oO Of 


1 Scotch 


g 
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Scateb Money. 

KF: 6.4 

A Pound —— re.6 neres — O 1 $8 
A Mark — —  _—— 1 _ 
A Noble | — — — O © 41 
0 IS © 

A Harper — — .-. —<£— 00 9 
An Ob „ Or Cob — — 0 0 41 


Neu, 100“ in Gold weighs 2 ib 10 oz. Troy. 
And ico/ of Silver weighs 26 A6. 4 oz. And 224, 
in Copper weighs one Pound Averdupoi/e. | 
2 Datch Money. 


A Dutch Stiver + gh" — — 0 
4 4 6 Stivers, or 1 Skilling Flemiſh — 0 
4 20 Stivers, 1 Gilder — —0 
A Feniß Pound. — 33. 44. = 1 
a A Zealand or common Dollar —-—. 0 
A Duccatoon, — — — — 0 
A Creſs Dollar — — 
Old Philiy's Dollar —.— 
Fardi sand, Dollar — 
Prince of Oranges Dollar N — 
Leopald's Doll 
Rudolph Dollar — — 
Maxamilian's Dollar | - 


Holland Rider —— wm 
| Fa German Mons y . 2 7 


= 00000 000 

m4 m>Snmncwoeontdg dd 
_ - %J 
SN oon. 


I 


1 er 0 Norem — — O *© I 
A Mark Lubs | oy _— 9 18 o 


* 


— - . 


n we 
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4 —— | French 
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4 O. 9998 . 2 Baa 


20 4 / Lo e f 


8 4. 4. 4. 
A Soulz = i2 Defiers —— — 0 
A Liver = 20 Soulz - — 6 


6 Span Coins. 


>=00 
5s 


— © 

pee q cjogn; e 
O 

Oo 


8 Rials, or 1 Piece of Eight o—_— 

A Piece of Eight Mex iti! - 
A Piece of Eight Peru — — © 
A Piece of Eight 87lle . x o 
A Doubloon of _—_ — — 0 
A Vilentia Ducat | 
Saragot a Ducat — — 
Barcelona Ducat byapronmeys AIST ERS 
Barceiona Crown — Ca 
P ** — — — — | 


2 Coin, 


A My 8 — —— — 
A Teſtoon —— 


A Mill Ree = 1000 Recs — 
9 © Tralian Coin. 


ales Coke. 0 
A Current Florence Crown '' . — © 5 
A Ducat % Banco Venice — 24 
2 
O 


es 
' © on + 
0.0 09 


.0=-000. 


OOo 
O ww vn "'m 


A St Mark — a — O 
A Julio, or Julier — — — 0 55 
A Dollar 


1 G > ww © 


. 
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4 The Dacat of Rome — — emo 0 


The Crown at Kot — woo — 0 
The Crown of Placentia — — 0 
The Naples Ducat —— — D 
The Crown Current — — — 0 
The Torri 0 
A Bajocke — — — 
| Poland. and Ruſfan Coin. 
At Dantzirh, | 


6 Groſz = 1 Rix Dollar — 

A Gilder — — 

The Stiver or Dollar W 

Silver Mark or Gilder 0 

Sweden Coin. 

1 Silver Dollar — — 0 

Silver Mark, or Gilder 2 
Y Arabian ind Perſian Coin. 


IT The Aba ps GL oy 
A Mamada = ow AS: es þ 


At Bantam. 


At Aleppo and Scarderson. 
16 Shekees > 1 Piece of Eight —— —— 


A Gold Coin worth —— -—— ᷑ͥ— — 0 


At Swrrat. 


The Af; — — — 

The — — — — — 

The Sara im —— — — 

The Rupie — — — 
'G. 


0 

on Dollar — — 
ö I 

O 


0 - 8 
2.9 $0 $68 KY 


O00 


cw & o& 


| wa 
A © +» oY 


Q © © 


wy 
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A Saltanin — 2 O 


0 8.0 
Que. 1. A Merchant at Leghorn delivered 500 Livres 
to _—_ at London in Sterling Money, how much muſt he 
receive | | 217 0 


Liv, 4, | Liv, 55 #, mew 
If 1 :9 ::' 500 2 18, 15 
The Courſe of Exchange is publiſhed Weekly, which 
compared with the Par, will ſhew whether it is above or 


_ below at any time. In December 1735, the Courſe of Ex- 
ehange ſtood thus, 


| | mn 1 4. 4. 
Anflerdam— ? 10 
Ditto at N ighglt— — — 5 6 
Rotterdam 21 Uſance — _ — 36 ; 


Anteerp _ — 36.6 
. Hambourgh 25 Uſance — — 36 

Paris — — — — 318 | 
Bourdeaux 2 Uſance — 30 

Cadi⁊ — — —— 40 

Madrid — — | Ty 40 

Bilboa — ** 49 
Leg born —— — — — dog & 

Gen'a — —_—_—_— — 52% rad 
Vem e — — »» 5075 

Lisbon — — — — m 5 67 
Por g — — — — 3 ] 
Pall — * « * 12 | 1 
The Reader muſt here take Notice, that the Courſe of 

Exchange is in a conſtant Flux, they continue not at a ſett 


Standard as our Sterling Money doth, but are ſometimes 
railed, and ſometimes de pre ſſed. | 


Queſt. 2. A Merchant in London delivers 484/ Sterling, 
to receive the ſame at Paris in French Crowns, at 45. 6 4. 


demand how many French Crowns he ought to _—_ 


1 


\ 
A * 

— 
» : 


XVI. Of Single Poſition. 


was he 3 


Take any Poſition at Pleaſure, that will be divided into 
the Parts above mentioned, 8 ſuppoſe 18. 
2 
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„ , T., ce. 
If 4 6 : 177 4815: 213744 


Oueſt. 3. If 1804. at London, be equal to 2 Ducats at 
Rome, and 5 Ducats at Kome, equal to 1647 Dollars at 


Danzick. how many Pence at Lordon are equal to 10 
Dollars at Danzick ? 


State it as bas been taught in the Rule of Three, f. 34. 


Pence at London 180/== Ducats at Rome. 
Ducats at Reme 5 — 1644 Dollars at Danzic4, 
London 10==9. Dollars at DanZick. 


— — — 


co) 243000(270 
Anſwer 2704. . 25 1 11 


* 


_Y 


DEFINITION. 


H I $ Rule of Falſe Polition takes it's Name from 
working by any falſe or feign'd Number we find out 
a true Anſwer. And this is the Rule, Ve 


As the Parts of the Poſitions ' «1, © 
Are to the Poſgtion itſelf, 1 

So is the given Number by gueſi, = 
To the true Number ſougbt. 


EXAMPLE. 


Queſt. 1. & certain Perſon being demanded how Od hz 
was, to avoid a direct Anſwer, ſaid, If the Half, the 


Third, the Fdurth and the Sixth Parts of his Age, were 


added together they would make juſt g 21, now how old 


Then 
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9 
7 47 
8 3 


— ——— ——— 


224 the Sum. 
Naw ſay, 
As 22,5 ; 18: : 52.5 2 42, 
PROOF. 


| 21 
— — A 


Sum. 52. $ 
Arwer 524. ns 4 


D. 2. Three Men, A, B, and C, make a Purchaſe | 
of zoo. B is to ſhare double with A, and Cto ſhare 7 
triple with B, now what are their reſpective Shares ? I 


A 3 6 8 


»| = 


On Him we ti] 


Proof geo 00 o 
Onef 3. One that had waſted 3 and 4 of his perſonal |? 
Eſtate had 36 Pounds remaining, now 1 would lo rv 3 
was his Eſtate ? 1 


Auſwer 270Y. 
XVI. Of Double Pofition. 
DEFINITION, | 
HIS is when we have two falſePoſitions given at Plez- | 
ſure, to find a true Anſwer to a Queſtion ed, 


When a Queſtion is propounded, make ſuch a C wr 
| | | 4 


4 
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this, ö X 7 
c 4 


and make choice of any. Number, which call your Firſt 
Poſition, and place it at the Top of a Croſs, where 4 
ſtands, then work according to the Nature of the Quel- 
tion, and if the true Number come out, *tis done, other- 
= wiſe what it differs call the Firſt Error, which place at 3 
Make choice of another, Poſition, which place with 5; 
work with this as if it were the true Number, and if it 
differ fromthe Truth, ſet the Difference at 4, and call it 
the Second Error, which Errors mark with PI +, and 
Minu , and thus the Poſition will ſtand at the Top of 
the Croſs, and the Errors at the Bottom. ' 
Then multiply the Firſt Poſition by the Second Error, 
RE (that is, Croſs-wiſe) and the Second Poſition by the Firſt 
Error, and reſerve the Products. 
Then, if the Errors be both tog much, or. both too 
little the Difference of the Products is the Devidend, and 
the Difference of their Errors is a Diviſor, the Quotient 
ariſing from that Diviſion is the Anſwer ſought. 
But if the Errors be one too much and the other too 
little, the Sum of the Products is a Dividend and the Sum 
of the Errors is a Diviſor, the Quotient of this Diviſion is 
the Anſwer. 


'F 
. 
S 
A 
Fa / 
5 
* 
vt 
— 


EXAMPLE. 


Queſt. 1, Three Perſons A, B, and C, thus diſcourſed 
together concerning their Age, Quoth AI am 18 Years 
of Age, quoth B lam as old as A and half as old as C, and 
auoth C, I am as old as yon both if your Years were added 
together, now I deſire to know the Age of each Perſon ? 


* Solution. 


Suppoſe the Age of C to be 40 


Then B muſt be BG e 
As Age add to B = - 18 
- * * | — 2 


"a For 


. 9 


| wa 
— wt 
n — 2 


— — 


—— 8 — — 


- <1 £6 
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— - 4 @_ — 
- A—_—_— 
— - — — 
— ——— — — ͤ — 3 — 
- 
1 


For the Age ol 38 
| Ad 


Le . 0 
Sum 56 
Subtra &- 40 
i Ertor + 16 
2dly, Suppoſe C 50 
he Half © = - 30 
bo Add - 18 
4 | B - Sum 48 
18 
167 7 — 
£0 40 £6 
_— — 60 
900 240 — 
240 Error + 6 
10)720(72 
Anſwer _ the Age of C. 
36 is half of 72 
Add18 A 
Sum 54 B- 


Ae. 2. Two Men, viz. A and B diſcourſed thus 
together, A ſaid to B, I think you have this Year 20 
Geeſe, no fa:d B to him again, that I bave not, but If [ 


had as many as I have, and half ſo many, and two Geeſe 


and a half, then I ſhould have 20, now 1 demand how 
many Geeſe he had ? 

Anſwer 7. . 

Ae 3. A Man going to an Alehouſe, ſaid to the 
Hoſt, if you'll give me as much Money as I have in my 


Purſe | will ſpend my Sixpence, the Hoſt did ſo and he 
ſpent his Sirpence ; he went te Second Alehouſe and 
faid, if you'll give me much Money. as I have in my 
Purſe, I will ſpend my Sixpence, the Hot did fo, and he 
ſpeut his Six peace : he went to the Third Althouſe and did 
lizewiſe, and w ben he had ipent his Sixpence he 2 

taing 
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"Ething left, now the Quettion is, What the Tipler had, in 
nis Purſe at firſt ? \ 


X Anſwer 53 
1 veſt 4 There ie a Ciſtern with Four Cocks, which. 
; Ids 8 Barrels of Water, the firſt Cock will run it all 
out in 6 Hours, the Second in 4 Hours, the Third in 3. 
Fours, and the Fourth in 2 Hours, now Þ demand in 
hat Time they will all rum i out, if they were all ſer 
® running at once? 
> Anſwer in 48 Minutes. 
A «5. A Gentleman hired a Workmar: for 20 Days, 
at 184. per Day for every Day he worked: but for every 
Day he played he was to bate 124 at the End of 20 
Days he received 8 Shillings, which was his full Due. 
Now I demand how many Days he wrought, and how 
many Days he played? 
* Anfwer 11 26. 48 
And play'd 8 19 12 
H. 6+ A and B receive 00. for the Ranſom of a 
riſcner, fall at Varienee in parting the Money, and after 
each had ſnatch'd what they could (upon Agreement) B 
give A + of what he had ſnatch'd from him, and A gave 
B of what he had ſnatch'd from him, which done, each. 
pf them had 30 now how much Money did cach Man 
C natch up? WET 


4 8 
Anſwer A 37 10 
} B 82 10 
Sum 100 Proof. 
= 2x:/. 7. A Thicf breaking into an Orchard, Stole 
rom thence a certain Number of Pears, and at his com- 
ag forth he mer with Three Men, one after another, who 
hreatned to accuſe him of Theft; and for to appeaſe 
| hem, he gave uno the Firſt Man, half the Pears that 
li he had Stole, who return'd him back 12 of them; then 
e gave unto the Second half of them he had remainivg, 
bo return'd him back 7 of them; and unto the Third 
Ferſon he gave half the Reſidue, who return'd him back 
| aud in the End he had ſtill remaining 20 Pears, now 
the Queltion is, how many Pears he had Role in all; 


aniwer 76 
. 


74 Of Compound Intereſt. | 1 


Qu. 8. A Gentleman hired a Servant for a Year t 
61. Sterling and a Livery Cloak, valued at a certain Rate, 
but when r of the Year was expired, they fell at variance 
and the Gentleman put away his Servant, gave him the 
Cloak together with 50. of the Money agreed for, . 
which was the Servant's full Due for the Time of his 
Service, the Queſtion is, to find what the Cloak Was 
valued a ? 8 

Anſwer 21. 87. 

Queſt. 9. Ito my Age you add, 
' The Four Habs of Three Fourths, and Two Fifths more, 

The Number Sixty Eight will then be bad | 

What was my Age in Vears.above a Score ? 
- Anſwer 34 = 14above 20. 


„ AH 


1 


XVIII. Of Compound Intereſt. q 


DEF INI TION: 4 
s ſor Simple Intereſt, it is ſufficiently explained in 
the Golden Rule of Five Numbers. Compound | 
ntereſt, is when a Sum of Money is put out to Intereſt, 
and the Intereſt thereof becoming due; is ſtill continued 
in the Hand of the Debtor, ſo as to become part of the 
Principal, Intereſt being reckoned for it, from the Time 
it became due, for which Reaſon it is called Intereſt upon 
Intereſt. And as Simple Intereſt inereaſeth by a Series of 
Arithmetica! Proportionals continued, ſo doth Compound 
Intereſt increaſe by a Rank or Series of Geometrical Prc- 
portionals, | > 
And Note, That the Simple Intereſt of One Hundred 
Pounds being known, the Compound Tntereſt of any other | 
Sam for any Number of Years may be likewiſe found out 
by ſo many fingle Rules of Three, as there are Years. | 
For as 100/. is to it's Intereſt for one Vear, ſo is any 
other Sum, to it's Intereſt for any other Time. * 9 
And ſo is the firſt Year's Intereſt to the Second; and the 
Second Year's Increaſe to the Third, Qc. by 


EXAMPLE. 


What doth 107. amount unto at the End of 7 Yer' 
Compound Intereſt at 5/. ptr Cent. Say, f 
5 $ 


— 


Ons 
*4 1 
* 


* 
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As 100. : 105). :: 1c. 5 105. 


Here I have given the Fourth Term in « Decimal 
for, mix'd Number, which is 10 J. 0 , whichis the teſt 
his Mechod of antwering Qu-ſtions in Compound Intereſt ; for 
FU by what follows you may eaſlly conceive, that it is only 
| Mhe Principal Sum, mukiply'd into it's Tocreaſe for one 
Vcar, ſo often as the Time rcquizeth. As in the Example 
"3305, being what 100l. is increaſed to for one Year, is 
e, multiplied 7 Times into the Principal Sum, 10%. Cc. and _ 
dhe laſt Pioduct is the Anſwer to the Qyefiion. 


100/. is increaſed in one Year to 8 105 
It's Principal Sum 1 r. 


nme eee . - 105 


8,000 Years Increaſe - = = 11.025 


, 8 
| 7 85 
Fourth Year's Inereaſe - 12.1550025 
— 
0077534 25 
_— 121550085 
Fifth Year's Increaſe - - - 12.76281562; 
, ” 106 
— bras. 
| 12702815625 
Sixth Year's Increaſe — 1340095640625 
2 — 2 
yo 29" ang 
Go. __ F340095040025 
Seventh Year's Increals + 14 0710042265625 


The 


* 


0 N 
bs 
, p. 
a n 
3 


b on 
LY 
9 
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54. 0.16405759. fo that by letting out 10/. for 7 Ye, 
Without taking up any Intereſt, it will grow in that Tim: 
to 144. 15: 54. 0.1640575 Parts of a A Intereſt, 
But how expeditiouſly this may be done by ogarithms, 
will beſt appear by the following Work, For to the Log- 
rithm of the Increaſe of one Hundred Pounds for one Vea, 
ig. tog, you add the Logarithm of the Principal Sum 10. 
and from the Sum of thoſe two Logarithms Subtract the 
Logarithm of 1000. the Remainder is the Logarithm ef 
the Firſt Year's Increaſe 10]. 10;. which Logirithm f 


one Year's Increaſe multiply by 7, the Number of Year, * 


omitting the Indix, gives the Logarithm of the Increal: 
of 10/. at the End of 7 Years. Compound Intereſt, 
See the Work, 


Joo. in one Fear is increaſed tio 105/, 2.021189; 
Principal Sum 6 4 © 10. 1.,0000000 | 


\ Sum of the Logarithms - - — 3.021189; 


100/, — * 5 — 2.09000000 
= Eirlt Vear's Increaſe -- 108 1021180 
Number of Years - — - 98 = " 


Anſwer - 14.071..4.1483251 


You ſee we have got the three firſt Decimal Places of : | 


- Pound, which is near enough the Trutb. 
EXAMPLE Il. 


Operation by the Logarithms. | 
Logarithm 105 = 2.,0211893 
of 3 100 = #2.0000000 
Remains Logarithm 0.211893 
Years multiply - +- - 10 
wy | . 2118930 
Principal Sum /4—Logar, .6020600 
Anſwer 6.5155 785 Logar, . 81395 30 


| 8 What will 47. amount unto in 10 Years, at 5 /. . 


The 


- "WJ 


The Value of this Decimal.of a Pound Sterling, is 1;, 1 


q 

-4 

3 

4 
«VB 

. 

1 

<: 

| 
4 
C 


# 


* 
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Tue Value of the Fractzon is 107. 34. 2.955 369. So 


% 


"hat we ſee 4/. being put out 10 Years at Compound Inte- 


4s, it will be increaſed to 6/. 10s. 3d. . 295536g. 

ime * 

|; 

uns XIX. Of the Square Root. 

=> DEFINITION. 

10. ih HE Square of any Number is, when it is multi- 

the l plied into itſelf, as the Square of 4 is 16, the Square 

n of if c =2<, C. therefore having any Square Number 

n of oven to find it's Root, do thus, viz, be gin at the Units 

2 Jace, and there mark a Dot, and ſo over every other 
: | 


Figure ; now as many Dots as there are, ſo many Places or 
Figures you will have in the Root. By pointing of it thus, 
ee given Square is divided into Periods, then fee what is 
ie neareſt leſs Square of the firſt Period to the Left 
893 Hand, and place it's Root in the Quotient, which Square 
f that Root place under the firſt Period, and ſubtract, ſet” 
8903 e Remainder under the Line, and thereto bring down the 
5000 ext Period, then double the Root, and place it on the 
89; eſt Hand a crooked Line for a Diviſor. See how often 

at Diviſor is contained in the Dividend laſt brought down 
—- Ind placed under the Line, always making allowance of one 
Place in the Devidend, becauſe the ſame Figure you place 


of 4 n the Root, the ſame muſt be placed in the Unites Place 
n the Diviſor. Repeat this Work as often as there are Pe- 
os or Pairs of Figures to bring down : And at laſt, if 
fit 


43 ny Thing remain, add two Cyphers, and for eyery two 

o added, you will have one Decimal place in the Root. 

The following Examples will make it plain to the dili- 

MNent Reader. * , 
What's the Square Root of 2401. | 


2491 (49. Root. 


—— — - L 
89) 301 u vii ns Halli * 
801 | IO i 


—_ g 
: Rem. O 
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A. PRO O. 


To prove the Work, multiply the Root in it (eff, and 
to the Product add the Remainder, if any, this lad Sum 


will te equal to the given Square, 
More Examples fir Prafice. 


| 45968 (678 Root. 
. 127) 990 
_— 
5 | 7349) 10784, 
* = W 
$14602573 (2854 1,24 Root, A mixt Number, 
—t 4 * AF 
yours 
365) 3060 © 
282 


N 


— 

N rs | 

L 570822 Jer Rem, and two Cypher: added. 
ng 
$703244) 24755600 
22832976 

; Rem- 1922624 22 

Note, The $quare Root is of excellent Uſe in ſolving 


Arithmetical and Geometrical Queſtions, which 
$* I fhallexhibit as follows, | 


1. To find a mean zonal between any two 
— Proportional | ny 
5 : RULE. 
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RULE. 


Mulcip!y the two given Numbers together, and extract 
the Square Root of the Product, gives the Anſwer. 


EXAMPLE, 
Duvet. 1, What's the Geometrical Mean, between 4 
and 67 


Anſwer 4.39 | 
Queſt. 2. What's the Geometrical Mean between 20 and 
© ? | F 
| Anſwer 24.49 
2. To find the Diameter of a Cricle that ſhall be equal 
in Area to an Ellipſis whoſe Tranſverſe and Conjugate Dia- 
meter are given, | 


RULE, . 
Multiply the Two Diameters of the Ellipfis together 
and extract the Square Root of the Product will give the 
Diameters of a Circle equal. 


Queſ. 3. Let the Tranſverſe Diameter be 36, and the 
Conjugate 23.5 Inches, what is the Diameter of a Circle 

ual ? | 
1 Anſwer 29.08 Inches. 

3. Any two Sides of a right lin'd plain Triangle being 
known, the Third is eaſily found. | 

For in the 47th Propoſition of the Firſt Book of Exclid's 
Elements it is Demonſtrated, that the Square of the Hypo- 
thenuſe, is equal to the Square of the other Two Sides. 


EXAMPLE. 


Admit three Towns, as London, Landaff, and Boſton ; 
Boſton lieth from London directly North 89 Miles, and 
Landeff lieth directly Weſt from London 131 Miles, now 
I would know-how far Landaff, is from Bo/ton ? + 

Anſwer 158. 37 Miles. | 

4. Admit two Ships ſet Sail from one Port, the ore ſails 
directly North 89 Miles, * other directly Weſt, ar d 

at 
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- atthe End of their failing they were diſtant 158.27 Miles, 
I demand how far the Second Ship ſailed ? 
Anſwer 131 Miles. 1 | 
ww Two Men Travel from the ſame Place. A Travels 
eſt 131 Miles, B goes directly North "till he be diſtant 
from A 158.37 Miles, I demand how far B travell'd ? 
Anſwer 89 Miles. 
6. The Area of a plain Superficies given, to find the 
Side of the Square that ſhall be equal thereto ? 


RULE. 
The Square Root of the Area is the Anſwer. 
EXAMPLE. 


Let the Area of a plain Superficies be 576 Inches, what's 
the Side of the Square that bound it ? 

Anſwer 24 Inches. | 

In like Manner, if you extract the Square Root of the 

tent or Area of a Circle, Pentagon, Hexagon, Ce. 
Whether the Figure be regular or irregular, it will give 
the Side of a Square equal to that Superficies. 

7. Given, the Side of a Square, to make other Squares, 
Two, Three, Four Times, more or leſs, greater or leſſer, 
than that Square propoſed. | 

RULE. 
uare the Side of the given Square, and it gives the 
Area thereof, which multiply by 2, 3, 4, Cc. the Square 
Root of the Product will give the Side of whoſe Area ſhall 
be 2, 3, 4, Cc. times greater than the given Square, 


Let the Side of the Square be 12 Inches, and let it be 

- required to make three other Squares, to a certain Double, 

Triple, and Quadruple the given Square ? 

Given Square's Area 18 144 144 144 
Multiply by - - 2 and 3 and 4 


286(16-97 432(20-78/576(24 
| 16.97 Double. | 
Anſwer Side Square 9 78 Triple. > in Area, 


24. Quadruple. ) 
The like isto be obſerved of Circles, 


8. In 
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8, In a plain right lined Oblique Angled Triangle having 
The Sides given ſeverally, to find where the Perpendicular 
let fail from the obtuſe angle, will fall upon the Baſe. 

9. The Height on the Mountain being known, to find 
how far it ſhall be ſeen at Sea, or on plain Ground. 

10. Given the Semidiameter of the Earth 3984.58 
Miles, with the Diſtance of a Mountain ſeen at Sea, to 
find the Height of the Mountain, this is the Converſe 
of the th 

11. The Diameter of a Pipe of a Cock given, to find 
the Diameter of another Pipe that ſhall fill the ſame in 
half the Time, more or leſs. 


EXAMPLE, 


There is a Pipe whoſe Diemeter is 14 Inch, will fill a 
Ciſtern in 2 Hours, I demand the Diameter of another 
Pipe that will fill it in 1 Hour ? 

12. The Circumference of a Cable being 74 Inches, 
and that one Fathom thereof doth weigh 164 Pounds, I de- 
mand how many Pound that Rope doth weigh whoſe 
Circumference is 114 Inches? 

| Operation, 
Square pound ſquare pounds. 

As 552909 1 16.25 2: 138.0625 : 42.6828 

Anſwer 42 lib. 10 oz. 147968. gr. ; 

13. If the Length of a Cask be 40 Inches, Bung 28, 
and Head 24, what's the Diagonal Line ? 

Anſwer 32 8 Inches, 

14. In a right lin'd Triangle, let one Side be 40 Inches, 
the next 26, and the leaſt 22, what's the Area? 

Azſwer 264 Inches, : 

15. A Company of Men drinking *till the Reckoning 
came to br. og. I demand how many Perſons there were 
in Company, and what they paid a piece ? 

Anſwer 17 Perſons r 44. a piece. | 

16. A Company of Men Drinking, 'till the Reckoning 
came to 307. 1d. I demand how many there were in 
Company, nd what they paid a piece? 

Annſwerſ19 Men, paid 19. a piece. 

H 2 17. A 
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17. A Company of Men drinking 'till the Reckoning 
came to 17s. 634. I demand how many there were in 
Company, and what thcy paid a piece ? 
Anſwer 29 Men paid 759. a piece. | + 
13. A Company of Men Drinking, till the Reckoning 
came to C/ 16s. 874. I demand how many there were 
in Company, and what they paid a piece? 
Anſwer 81 Men, paid 1. $814 a piece. 
19. In an Army of 75625 Soldiers, how to place them 
in ſquare Battalia ; 
75625 (275 Men in Rank and File; 
4 
47) 356 
„ 


$45) 2725 
2725 


Rem. © a | 
20. To place any Number of Men, ſo that the Number 


of Men in Rank may be double to them in File: - 


Suppoſe 35912 Men 
Half 17956 (134 File 
8 + 8 2 


1 268 Rank. 


23) 79 
£9 6 
5105 
1056 
O 


| 


> 


For Proof, 268 Ye 134 35912, 


21. Suppoſe 25000 Soldiers were to 'be martialed in a 
ſquare Battalia of Ground, in ſuch Sort that their diſtance 
in File ſhould be 8 Feet, and the Rank 3 Feet, how many 


Menu in Rank, and how many in File? 5 
a 2 
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Ass: 3:: 25000 : 937% (95 File) 25000 (260 


6 File beſides 40 Men over and 
Anſwer 3 260 Rank ve 
22. If 47748 be the Number of Men to be martial'd 
in Battel Array in ſuch Sort the Number of Men in File to 
thoſe in Rank, ſhould be as $ to 20 ? 
Anſwer 345 Rank, 13 5 File, beſides 138 over, 


The Rectaugle made of the Sum and Difference of any 
two Quantities is equal to the Difference of the Squares of 
the ſame Quantities. « 

Demonſtration. 
Let the two Numbers be 6 and 7 [7] =49 
| 60 =30 
221 X 13, 
2 | 
Product =. 13 
2, Suppoſe 8 and 12 (J= 144 
8{] = 64 
Z = 20 X 80 
Product — 80 2 


N. B. The ſame alſo hold good in Fractions. 
As ſuppoſe + and 3, the Anſwer will be 22 . 


XX. Of the Cube Root. 


DEFINITION. 


A Cube is a Geometrical Figure; and as a Square has 
only Length and Breadth, ſo a Cube has Length, 
Breadth and Depth : And in order to a right Underſtand- 
ing of this Work, it will be neceſlary for the Learner to 
et by Heart this Table of the Squares and Cubes of the 
ine Digits, 


H 3 Cubes 
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Cabes. | 1 1 8 [27 | 64 Frzefene(343151 20729 
Squares | 41 (4 | 9 |116]251361 49164181 
Roots." [1 |2|13[4l5 16171819 | 


1. Point out the given Cube Number, beginning with 
the Units Place, and ſo over every third Figure towards 
the Left Hand ; and as many Points or Periods as there 
are, ſo many Figures there will be in the Root. 

2. Find the neareſt lefler Cube in the firſt Period to- 
wards the Left Hand, which found, place in the Root on 
the Right Hand the crooked Line, cube this Figure (placed 
in the Root) and ſet it under the firſt Period, draw a Line 
and ſubtraR, place the Remainder under the Line, to which 
bring down the-next Period, and call this the Refolvend. 

3. To find a Diviſor, Triple the Root, and ſet it under 
the Line drawn under the Reſolvend; then ſquare the Root, 
and triple the Square, ſet this Product down, as in common 
Multiplication, viz. Units under the place of Tens, draw 
a Line and add theſe two Numbers together for the Diviſor. 

4. To find how often the Diviſor is contained in the 
Reſolvend, you muſt ſet aſide the Figures in the Units 
Place of the Reſolvend, that as often as you can have the 
Diviſor in that part of the Reſolvend, ſet it in the Root, 
and obſerve theſe Steps. 

1. Cube the Figure placed laſt in the Root. 

2. Square the lame, and multiply that Square by the 
Triple Root, (which Triple Root was found when you 
found the Diviſor) placing Units under Tens as in common 
M. itiplication. ' 

3. Laſtly, Multiply the Figure laſt placed in the Root, 
by the Triple Square of the laſt Root, placing Units 
under Tens 8 b<fore'; draw a Line under them aud add 
theſe three laſt Lines of Figure into one Sum, and ſub tract 

it from the Reſolvend; to the Remainder bring down the 
- next Period of three Figures, or Cube, to which find a 
Diviſor, and proceed in all the Steps as above irected, 
until all the Cubes are brought down and wrought, if any 
thing remain at laſt, add three Chyphers, and you will have 
a Decimal in the Root, The following Examples (bewg 
well minded) will make all plain. 42 I. 
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EXAMPLE, 
Let the Cube Root of 1728 be required ? 


1728 12 Root. 
I abe of 1 
728 Reſolvend. 


3 Triple Root t. 
3 Triple q of Root 1. 
. 33 Diviſor 
8 Cube of Root 2. 


12 Square of 2 by Triple t. 
6 riple D of Root . 


Sum 728 Subtract from a Reſolvend. 
Rem. © . 
EXAMPLE. 


45499293 (357 
27 Cube of 3, 
1849 Reſolvend. 
9 Triple of the Root 3. 
27 Triple Q Root 3. 
279 Diviſor. 
125 Cube of the Root 5. 
225 U oi the Root 5. by Triple Root 3. 
135 Root 5, by Triple II Root 3, 
Sum 15875 ub. 
2624293 Reſolvend. 
105 Triple Root 35. 
3675 Triple (3 Root 35. 
36855 Diviſor. 
343 Cube of 7. * 
5145 N Root 2, by Triple Root 35. 
28725 Triple © Root 35, by Root 7, vix. 3675 
"262493 Subc. trom Reſolvend. | 


Rem. © 


'In 
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In the like Manner the Cube Root of 9876543210 will 
be found to be 2145,and of 1603393328031 305. 740 to 
be 117043.1 fere.. 


The Uſe of Cube Root. 


Note, All Solids are Proportional, one to another, as the 


Cube of their Diameters. 
Given, the Side of a Cube, to make another Cube, 2, 


3 or 4 times greater or leſſcr. 


RULE. 


1. To make it greater than the given Cube, multiply 
the Cube of the Side by the Quantity you intend it to be, 
and the Cube Root of the Product is the Side of the Cube 
required, 

2. To make one leſſer than the given Cube, divide the 
Cube of the Side by any Quantity, and the 'Cube Root 
of the Quotient is the Side of the Cube ſought. 


EXAMPLE. 


Admit the Side of the Cube be 12 Inches, the Solidity 
of which is 1728, L would have three other Cubes that 
ſhall contain 2, 3, and 6 times greater and leſſer than the 
given Cube ? 


Operation, 
Side 12 Inchcs, 1728 1728 
12 3 6 
144 $184(17,3 10368(21.8 
| Bk | 
1728 
"428 
3456(15. 1 Cube Root. 
Actos the Sides 
of the greater Cube * Bis ze Inches, 
ore 3 
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3. Alſo the Sides of a Cube leſſer by 2, 3, and 6 
times than the given one. 


The Sides 'will > 530 Inches. 
6. | 


Between two given Numbers to find two mean Propor- 
tionals, 
RULE. 

Divide the greater Extream by the leſſer, and extract 
the Cube Root of the Quotient, by which multiply the 
leſſer Extream, this Product is the leſſer mean Proportio- 
nal: Then multiply the leſ Mean by the ſaid Cube Root, 
and that Product will be the greater mean Proportional. 

EXAMPLE. 


Let the two given Extreams be 6 and 48, what are the 
two Means ? 


-. Operation, - 


'6).48 ( 8 Cube won | 


Srenater Mean 24 
Proof, As 6: 12: 24:48. 


Exam. 2. Between 3 and 81 Extreams, the Means are 
9 and 27. id | 


4. To three Numbers given, to find « Pourth in - 
Duplicate Proportion. | 
To D E- 


— 


88 The Uſe of the Square Root. 


DEFINITION. 


The Nature of this Propoſition, is to diſcover the Pro- 

8 of Lines to Superficies, and Superficies to Lines, 

like Planes are in a duplicate Ratio; that is as the 
Quadrat of their Homologal Sides. 


RULE. 


Multiply the Square of the third Term by the Second 
Term, and divide the Product by the Square of the Firſt 
Term, the Quotient is the Anſwer. 


4% "EXAMPLE 


Suppoſe 3, 4, and 5 be given, to find a Fourth in. a 
Duplicate Ratio? 226 


9) 100 (115 
6. Three Numbers given, to find a Fourth in a Tri- 
plicate Proportion, a 
DEFINITION. 
The Nature of this Propoſition is to diſcover the Pro- 
ion of Lines to Solids, and Solids to Lines: For like 


Solids are in a Triplicate Ratio, that is, to the Cube of 
their Homologal Sides 
| RULE, 
Multiply the Cube of the Third Term by the Second 
Term, di 


vide the Product by the Cube of the Firſt Term, 
the Quotiont is the Anſwer ; or which is all one, = = 
| u 


- 
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Cube of the Diameter of the given Bullet or Sphere, is to 


it's Weight or Solidity, ſo is the Cube of the Di«meter of 
another Bullet, &c. to the Weight or Solidity thereof. 


EXAMPLE. 


Admit an Iron Bullet, whoſe Diameter is 64 Inches, do 
weigh 9+ Pounds. what ſhall an Iron Bullet weigh, whoſe 
Diameter is 154 Inches ? a 


See the Work Decimally performed. 


6.25 15.5 
6.25 | 1 
3125 | 775 
1250 775 
3750 PA + 
39.0525 240.25 
— — 
f 1953125 120125 
721250 120125 
2 — _.. 5 
As 244-140625 9/5 lib. 3723 875 
a —5 9.75 
1861 
2606725 
33814875 


244. 140625) 36307. 78125 (148.71 


Anſwer 148 lib 11 oz 5.76 dr, 


6. Admit the ſolid Content of a Globe be 4:8307595 
Inches, what is the Side of a Cube which ſhall be equal 
in Content ? 3 | 
Anſwer the Cube Root of the Globe 753.7 Inches is 
= to the Content. 1 120 
7. Admit one of the Sides of a Cube, or the Dia meter 
of a Globe to be 84 Inches, and the Side of another Cube, 
or Diameter of another Globe be 114 Inches, I 9 
, t e 


* 


90 We Le of the Square Noot. 


| the Side of another Cube, G-. that ſhall be equal in Con- 
tent to them both? 


RULE. 


The Cube Root of the Sum of the Two Cubes is the 
Side of another Cube equal to them both, which in this 
Example will be found to be 12.79 Inches. 

8. Given the Diameter of the Concaves of two Guns, 
and the Quantity of Powder that will Charge one of them, 
to find the Quantity of Powder that will ſuffice to Charge 

RULE, 


As the Cube of the Diameter of the Gun given, is to 
the Quantity of Powder that will Load the fame, fo is 
the Cube of any other Gun's Diameter, to the Quantity 
of Powder that will Load the ſame. 


EXAMPLE, 


Admit a Cannon Royal whoſe Diameter at the Bore is 
8 Inches, —— 26 Pound of Powder to Charge it, what 
Quantity of Powder will charge a Piece whoſe Diameter 
is 1 Inch? | 
Cube of 8 == 512, and Cube 1.5 == 3.375 
Cube. lib. Cube. lib. oz, ar. © 
As 512 3 26 : 3.375 % == 2 11.776 | 
9. Given, the Diameter of a Granado Shell, to find 
the Weight of the Metal, and the Content of the Con- 
cavity of the Shell in Cubic Inches. | 


RULE, 


Ni, Find the whole ſolid Content of the Shell, as 
if it was really ſo, which is done by multiply ing the Cube 
of the Shell's Diameter by 11, and dividing the Product 
by 21, the Quotient is the ſolid Content in Cubic Inches 
of the Whole Shell ; and alſo find the ſolid Content of the 
Concavity, - which ſubtracted from the whole Content 


gives 
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gives the Content of the Metal, which di. ide by 4.422979 
the Weight of a Cubic Inch of Com mon Iron Averdupriſe, 
the Quotient are the Ounces, which divide by 16 gives 
Pounds. 


EXAMPLE 


Admit a Granado Shell, whoſe Diameter from outſide 
to outfide is 12 Inches, and the Diameter within 71 
Inches, ſo the thickneſs of the Metal is 2.25 Inches, 1 
demand the Content of the Metal in ſolid Inches, and 
alſo it's Weight in Pounds Averdupriſe ? 


Operation, | 
Cube of 12 2 1728. Cube of 7.5 == 421.875; 
11 11 

— — 905.1 — 

2:) 19008 (220.982 Subt, 21)4640.625. : 


—— ñ— 


4.422979) 554. 1610000011 54.683 
3 
16) 154.683 (9.667 


684.151 Solid Inches. 
Anſwer < 154.683 Ounces. 
9.667 Pounds W eight. 
10. Given the Mould and Burthen of one Ship, ta 
build another of the ſame Mould of any afign'd Burthen 
greater or le ſſer. 


RULE, 


Firſt, The Dimenſions taken in a Ship are, the Length 
of the Keel, the Breadth of the Midſhip Beam, and the 
Depth in the. Hold Therefore if the Cubes of theſe 
ſeveral Dimenſions be multiplied by 2, 3. 4, &. the 
Cube Roots of theſe ſcveral Products will be the Dimen 
fions of anotꝭ er Ship, whoſe Burthen will be 2, 3, 4 &c. 

times greater than - Ship given. | 
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EXAMPLE. 


Admit a Merchant's Ship, whoſe Burthen is 72 Tuns, 
the Length of the Keel be 45 Feet, the Breadth on the 
Midſhip Beam 17 Feet, and the Depth in the Hold 9 

_ Feet, and it is required to build another Ship whoſe Bur- 
then ſhall be five Times greater than the other Ship, I 
demand what mult be the Dimenſions of the Ship re- 


quired ? 


Keel 76. 9 
Anſwer c Breadth 29.0% Feet. 
(Depth 15.3 


The Rect Angle made of the Sum and Difference of any 
two Quantities, is equal to the Difference of the Squares 
of thole Quantities. 


DEMONSTRATION. 
Let the two Numbers be 6 and po = 49 
ö 60 36 
Z = iI X=13 
X=7 8 
Product 13 
8 ſe 8 and 12 O =1 
1 8 0 — 
22 2 X= 80 
— 4 
Product 80 
3. Suppoſe 14 and 16 2 256 
| 14 = 196 
Z= 2 X = 6o 
1 
Product 60 
The Same a!ſo hold, good in Fraftions : 


As æ and 1 == 54 = · XXI 
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XXI. To Extract the Square Root of 4 
Fraction, either Vulgar or Decimal. 


1. IRS T. It the Fraftion propounded be not in 
it's leaſt Terms, reduce it into it's leaſt, and then 

by the Rules foregoing, extract the Square Root of the 
Numerator, and alſo of the Denominator, fo ſhall this 
new Fraction be the Square Root of the Fraction pro- 
pounded, ſo the Square of $2 W=F. 4 


Note, But many times the Numerator and Denominator 

ofa Vulgar Fraction hath not a perfect Square 

Root, to find which i finitely near, reduce it 

to a Decimal, by adding Cyphers to the Nu- 

merator, and dividing by the Denominator, and 

always be ſure to let the Decimal have an even 

Number of Places, as 2, 4, 6, Cc. and then 

extract it's Square Root as if it were a whole 
Number. 


EXAMPLE 


Let 5+ be given, it is reduced to this Decimal .56 and 
by adding five Pair of Cyphers to it, I find it's Root 
to be 748331. | 

2. If your Vulgar Fraction be a mixt Number, re- 
duce it into an improper Fraction, then work as before. 
But if the Fractional Part be not on exact Square Number, 
it is beſt to reduce it into a Decimal mixt Number. 


| As for Example. 
If the Square Root of 64 be required, it will be 7 and 
it's Root 4 = 24, which is not exact; therefore it will be 


this Decimal, 6.75, and it's Root 2.598, nearer the Truth. 
4 XXII. 


_ 
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XXII. The Extractian of the Cube Root of a 
| Vulgar Frattion. 


XTRA r the Cube Root of the Numerator for 
a new Numerator, and the Cube Root of the Deno- 
minator fer a new Denominator, and this new Fiaction 
thall be the Cube Root of the given Fraction. So 27. 
being given, it's Root will be found 3. BLN lf 
lt you want the Cube Root of a mixt Number, it is 
beſt to reduce it io a Decimal. As ſuppoſe 8+ = Decimal 
8.8 it's Cube Root is 2.064 ⁵⁵ 4 
XXIII. The Extraction of Roots by Lo- 
40s Þ3 garithms, 
I, O Extract the Square Root by Logarithms, is 
| no more than to take the Logarithm of the given 
Number, and the half thereof ſhall be the Logarithm 
of the Square Root ſougue . | 
| "TY EXAMPLE. 
© Suppoſe 576 were a Square to be extracted, it's Lo- 
garithm is 2.7604225, the Half of which is 1,3802112 
the Logarithm of 24, the Square Root ſought, 
The Extraction ¶ the Coe forts by the Logarithms. 


Seek the Logarithm of the given Cube, and divide it 
by-3,"and' the Quotient is the Logarithm of the Cube 
Root ſought. 


EXAMPLE, 


Admit it were required to extract the Cube Root of 
421875, its Logarithm is g.6251839, one third of which. 
is 7.8750613 the Logarithm of 75, the Cube Root ſought. 

And after this manner it is eaſy to extract the Biqua- 
drate Root, the Surſolid, the Squared Cube, the Seventh, 
Eighth, or any other Power by the Logarithms, as 1 will 
ſhew by Example by and by. =o 

That the ExtraQting all Sorts of Roots is ſometimes | 
neceſſary, and that no Method is ſo eaſy: -as that By Lo- 
garithms, are Truthwbeyond all Poſſibility of Dealat.. — 


— 


— 
— af = 
= 


” a 
—— 
« © 


* * 


- 
. 
- 
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The only Thing that allays their Excellency, is that 
the largeſt Cannons (as thoſe of Sherwin's) are ſo ſcanty, 
that without ſome other Farther Invention it will not 
furniſh us with the Logarithm of the Cube of 343 = 
40353607, but oy the following Method the Root of 
any Power may be extracted infinitely near. 

RULE. ; 

Seek the Logarithm of 7 or 8 Places to the Left 
Hand of the Number given, and prefix to that Loga- 
rithm it's proper Index or Charatteriſtic, anſwerable to the 
Number of Places in'the whole given Number, that is, leſs 
by one, than the Number of Places of the abſolute Num- 
ber, and divide it by the Index or Exponent of the 
Power whoſe Root you ſeek, the Quotient is the Lo- 
garithm of the Root ſought. That is, if you ſeek the 
Square Root, divide by 2; if the Cube Root by 3; if the 
Biquadrate Root, divide by 4, Fc. I ſhall here begin with 
the Root 2. and proceed to the Ninth Power, prefixing 
their Logarithms, by which the Learner may ſee by un- 
derſtanding this ealy Proceſs, how to extract a greater 

Root, with as y_ facility as he can wiſh. 
| Given the Root 2 
Multiply by 4 Logar. 0.3015300 


2d Square 4 0.6020500 
3. Cube - T ” 0:9030h60 
4. G 1.2041200 
5. Surſolid | 3 — 1.505100 
6. 80 cubed — 1. 8051800 
7th Power 2 - 2.1072100 | 
8th Power. IX" A1 2.408240 
gth Power pn 1 9 2.7092700 
And jo on ad infinitum. | 


” - 


131 8: $ > Here 


9 4 
4 K 
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Here you ſee if the Logarithm of 2 == 0.30103co be 
multiply'd by the gth Power, it will produce the L: ga- 
rithm of 512 = 2,7092700, conſequently if we div de 
the Logarithm of 512 by it's Exponent or ↄth Power, 
we ſhall gain the Logarithm of it's Root 2. | 
EXAMPLE I. 


Mr Ward has extracted the Biquadrate Root of 
4857532416, and finds it to be 264, let us ſee how this 
agrees with our Method ? | 

Hence, becauſe the abſolute Number has ten Places, 
the Characteriſtic of it's Logarithm muſt be 9. Then 
in Sherwin's Logarithms, I find the Logarithm of the five 
leading Figures next to the Left Hand, viz. 48575 to be 
46864128 with the Difference 89.4. which multiplied 
by the remaining Figures of the abſolute Number, viz. 
32416, the Product 28.979404, then, becauſe of the 
great Praction I call 28, 29, and add it to the Logarithm 
_ of 48575 = 4.6864128 makes .684457 to which pre- 
_ Kfxit's proper Characteriſtie 9; I find the Logarithm of 
4857532416 to be 9.6864157 which divided by it's 
Exponent, or Power 4, gives 2 4216039 the Logarithm 
of 264, the Root ſought. __ M, 

Aſter this Manner let us extract the Root of the gth 
Power of this Number 4722366482869645 213696. 
Here being twenty two Places, the Characteriſtic muſt 
be 21, and the Logarithm. of it is 21.6741 59%, which 
divided by the Power or Exponent q, gives the Loga- 
rithm 2. 4082399, whoſe abſolute Root is. 256, the Roo 
ſought. Fo | 
Eut if yon would, have the Square Root of this vaſt 
Number of 22 Places, you. cannot go to it immediately, 
for the Logarithm 21.6741597 being halfed, gives 
10.83707295 for the Logarithm of the Square Root: And 
this having for it's Index 10, ſhews that the Number to 
which it belongs muſt needs conſiſt of 11 Places, which 
no Cannon of Logarithms can come near. 

But this ſeeming Dithculty is ſoon removed: For if you 
ſeek the Root of any higher Power., compound of ſuch 
a Power as in this Ciſe is the Square ſquared, ſquarcd 
Cube, or ſquaredly ſquared Square (See Gromatrical Pro- 

4+ x Eb = '_ - greſſion 


a. 


Some Uſeful Problems. 97 


greſſion, Page zo) the Root primarly intended, is by 
Multiplication ſoon gained, 


As for Example. 


If you divide the Logarithm 21.6741<97 by 4, the 
Exponent of the ſquared Square, or 4th Power, ityives 
5.4185399 the Logarithm of 262144, and that being the 
{quared Square Root, or the Square Root of the Square 
Root. Therefore {quare this Root 262144 (that is multiply 
it in itſelf) it will produce 68719476736. the Square 
Root of 4722306452869645212696. Or if the ſaid 
Logarithm 21.6741 59 had been divided by 6, the Index 
or Exponent, the Quotient would have been 3.61235995, 
the Logarithm of 4096, which being cubed, will be 
68719476736, the Square Root, becauſe the ſquared 
Cube Root, is but the Cubic Root of the Square Root. 


—_— 


—— — _ = * — — — 
- 


XXIV. Some Uſeful Problems. 


Shall here add three uſeful Problems concerning Inte- 
I reſt and Annuities in the Logarithmetical Way, 


: PROBLEM LI. 


To find the Time wherein a given Sum of Money will 


be increaſed to any Sum required at any Rate of Compound 
Intereſt. 


De RU LE. 


Subtract the Logarithm of the leſs Sum, out of the 
Logarithm of the greateſt, and from this Difference 
ſubtract the Logarithm of one Pound and it's -[ntereit 
for a Year, if any thing now remain add Cyphers, and 
you will have the Quotient in Years, and Decimal Parts 


of a Year, 
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EXAMPLE. 


In what Time will 44. be increaſed to 6.5155785/. at 
ol. per Cent. per Annum ? | 


Lo 


Operation. 


Logaricthm 95755 is o. 8 139530 
of 4 is o. 0 2060 

Logar. of 1.05 . 211893) o. 2118930110 
| 211893. 


Rem. o | 
Anſwer 10 Years, © 


PROBLEM HI, 


To find the Time when a yearly Payment given will 


raiſe a required Stock at any Rate of Compound Intereſt, f 
5 ne R U I. E. 
L 


Suppoſe the Yearly Payment to the Intereſt of a Sum 
of Money, and find by the Rule of Three a Correſ- 
pondent Principal ; which being done, add the Principal 
to the Stock, and from the Logarithm of their Sum, of 
ſubtract the Logarithm of the ſaid Principal; that Diffe- 
rence divided by the Logarithm of the Rate, ſhews the 
Time. | 

EXAMPLE 


In what Time will 30, per Arnum, raiſe a Stock of 
400 J, at 51. per Cent. Compound Inrereſt? 


Operation. 


II 5d. : 100. :; 30). : bool; 
mo? Add 400 


Sum 1000 


Loear; 
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Logarithm 1000 3. ooοοοοο 
Logarithm 600 2.771513 = 10447 


Logarithm 1,05= 0211893)0.2218487(104.7 
| 92 5110 


— — 


Month 5. 64 
30 
— 
Days 19. 20 
Anſwer 10 : 5 . 19.2 4. 
PROBLEM III. 


To find the Time wherein a year)y Payment will pay 
of a Debt, at any Rate of Compound Intereſt. 


Te RULE. 


As in the former Problem, find the Principal, anſwering 
the yearly Rent at the Intereſt propoſed, and ſubtract the 
Debt out of the Correſpondent Principal, and the Loga- 
rithm of the Difference, from the Logarithm of the Cor- 
reſpondent Principal, this laſt Difference, divide by the 
Logarithm of the Rate, ſhews the Time. 


EXAMPLE. 
In what Time will a yearly Rent of 587. pay off a Debt 
of 740. at 5l. per Cent, Compound Intereſt ? 


Operation. 
If g/. : 100%. : : 58. 11604. 
Debt Subtract - 740 


— — 


| 20 
Logar. of 1160, — 3.06445% 
Logar. of 420 I= 2.6232493 


Logar, of 1.05=.0211893)0. 4412087 (20.82 
d 
7 9.84 
30 
——— 


Anſiver 20 5. 9 . : 25. 2 4. XXV 


100 Ceres and Virginum. 


— 


XXV. Ceres and Virginum. 


Shall conclude this Chapter with the Rule called Ceres 
> | and Firgingm, which teaches only how to reſolve 
Merry or Sporting Queſtions, to exerciſe young Pratitioners 
in Numbers. 

Que. 1, A Lady's Caterer bought 10 Birds of two 
Sorts, viz, Turkeys and Geele, for 245. the Turkeys 
coſt 4s. and the Geeſe 27. a Piece, how many did 
buy of each ? 


; | RULE 

pune of ie uu, | 

Multiply the Whale Price by the leaſt Price, ſubtra&t 
the Product from the whole Brice, the Remainder divide 
by the Difference between the two Prices, the Quotient 
is the Number of Turkeys, viz, 2c 4 — 85. and 8 Geeſe 
X 25, =16+8=245. 
2e 2. Suppoſe 21 Perſons in Company, Men, Wo- 
men, and Children, and amongſt them they ſpent 26 -. 
and ſo that every Man ſpent 2 5. every Woman 1 s, and 
every Child 6 4. how many were there of each? 


8 Men, at 2s. each 16. 
Anſwer < 7 Women, 4 


6 Children 60d. : 
| N 26 


Or they may be, 


9 Men, at 2s. each 185. 


Women, 1 | 4 
Children 6 4. 4 
228 26 


Or 


> MA a i... 
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Or they may be, 
7 Men, at 2. each 147. 
10 Women 1 10 
4 Children 6 4, 2 
21 26 
Laſtly, 
74 Men, at 25, each 15 5, 64. 
74 Women 1 7 
* Children 6 4 8 9 
26 © 


955 wy Admit goo J. to be diſtributed. according to 
the Will of a deceafed Friend to thirty ſeveral Men, 
A, B, C, ſo that each A may have 60 J. cach B 40 J. and 
each 0 201. how many Men mult there be of each Sort? 
A 7. 6, 5, 4, 3. 
eg may be either & 1, 3, 5, 7, 9. 


22, 21, 20, 19, 18. 


; 30 
2 A at 60/, each 120 /. 
Or,< 11 B at 40 440 
17 Cat 20 340 
Sum co 


D2ueft, 4. Suppoſe 10 Perſons of ſeveral Countries, Ex- 
gliſb. Lutch, French, and Spaniards, to pay a Debt of 10004. 
ſo that every Engl; man pays 50 l. every Dutchman 130/, 

every Frenchman 70 J. and wen Spaniard 150 /, how ma- 
ny are there of each Country ? 


4 Spaniſh, at 150 J. each 600 I. 
1 Dutch, at 130 130 
Anſwer, 3 1 French, at 70 70 
4 Engliſh, at 50 200 

— . — | —_— 


10 | 1 00O 


102 Of Decimal Arithmetic, 


s Or thus, 105 
2 Spaniſh, at 150/, each 3oo/. 
3 Dutch, at 130 390 
3 French, at 70 210 
2 Engliſh, at 50 100 
— — — 


10 1000 i 

Que. 5. Suppoſe you buy 12 Loaves of Bread for 124 
ſo that ſome might be 'T'wo Penny, ſome” Penny, ſome | 
Half Penny, and ſome Farthing Loaves, 1 demand how 
many there muſt be of each Sort? 

Now, becauſe of 12 Loaves for 12d. the Mean Price is 
one, but one of the Pazticulars being alſo one, there ſhould 
be no Penny Loaves, becauſe there is no difference betwixt 
the Mean Price and one Penny. But jt may be thus, 
ix. either, | 


4 Two Penny Loaves = 8 
2 Penny Loaves = 2 C pe 
2 Half- penny Loaves = I "oo... 
4 Farthing Loaves = J 
— — 
12 . 12 
| Or elſe it may be. 
3 Two Penny Loaves = 64. og, 
Penny Loaves = 4 © 
3 Half penny Loaves = 1258 
2 Farthing Loaves = o 2 
— | — — 


12 12 0 


= 
— — — _— 


XXVI. Of Decimal Arithmetic. 
DEFINITION. 


HE Word Decimal is derived from Decem, Ten; 
this kind of Numbering ſuppoſeth the Integer to be 
divided into Ten equal Parts: As ſuppoſe a Pound, a 
Mile, .a Year, or any other thing whatſoever ; and as 
whole Numbers increaſe from the Right Hand yds 
5 j 
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the Leſt, in a Decuple Proportion from Unity, ſo Deci- 
mals decreaſe from Unity in the ſame Proportion from the 


Left Hands towards the Right, as is more evident from 
this Table. | 


— 


Units 1. Units, one Integer. 
Primes 1 One tenth Part. 
Seconds .o1 One Hundredth Part. 
Thirds cot One Thouſandth Part. 
Fourths odo One ten Thouſandth Part. 


Fift hs ,00001 One hundred Thouſandth Part. 
Sixths .coooot One Millionth Part. 

Savenths 0000001 One ten Millionth Part. 
Eighths . ooooooOO0t One hundred Millionth Part. 
Ninths .oooo00001 One thouſand Millionth Part. 


Here you ſee” Decimal Fractions are of ſeveral Denomi- 
nations, as Primes, Seconds, Thirds, c. the Nume- 
rator is always wrote alone, and the Denominator. of every 
Decimal is ſo many Cyphers with Units annexed, as there 
are Decimal Places, thus, , or P, Cc. and is pro- 
duced by parting of an Unit into ten equal Parts, as this 
Table ſhews ; 5 


Unit Primes. 

Prime | Seconds. 
Second | Thirds. 
1 | 7 9 

ourt ifths. 

One pifth makes 10 ( Sixth; 
Sixth Sevenths, 
Seventh Eighths, 
Eighth LY Ninths, 

Ninth Tenths. 


I. Of Reductian of Decimal Fraftions. 


To reduce a Vulgar Fraction to a Decimal. 
Add to the N 32 „ 1 | 

e Numerator of the Vulgar Fraction a com- 

petent Number of Cyphers, and divide that Sum by the 

K . Denominator 


| 
= 
1 
| 
= 
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Denominater of the ſame Vulgar Fraction, the Quotient 
is the Decimal equivalent to the given Vulgar Fraction. 
For as the Denominator of the given Vulgar Fraction 
is to it's Namerator, ſo is an Unit with ſo many Cyphers 
annexed as you intend your Decimal ſhall have Places ta 
the Decimal required, | 
But here Note, That in every Quotient that ariſes in 


| finding a Decimal Fraction, there muſt be as many decimal 
Places 1 added Cyphers to the Numerator of the given 


ration; for what the Work falls ſhort of that, 


Vuiger. 
mult be ſupplied by placing Eyphere to the left Hand of 


the Decimal, as you will the better perceive by the fol- 


lowing Examples. 
Reduce + to a Decimal ? 
4)100(.25 
Reduce + of any Thing to a Decimal ? 
| 2)10(-5 
Reduce + to a Decimal ? 
4)300(*75 


Reduce 3 of + of 4 to a Decimal ? 


| Firſt it is reduced to this fingle Fraction 4. See page 46. 


Anſwer 25. 
Reduce 3 of 4 of & to a Decimal ? 
It is this fingle Fraction 4; 
32)300000(-09375 
In finding the Decimal of Money, Weight, Meaſure, &c. 
you muſt reduce what you are ſeeking the Decimal of into 


the loweſt Name mentioned, and divide by what you de- 
fign for the Integer reduced into the ſame Name, the Quo- 


tient thence ariſing is the Decimal ſought: 


What's the Decimal of 1. one Pound the Integer? 
20)100(.05 

What's the Decimal of 64. one Pound the Integer? 

It is. this Vulgar Fraction FI U e 


oo AG What's 
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What's the Decimal of 11 4. one Pound the Integer ? 

It is this Valgar Fraction ++ of r = #775. 
240)11.00000000c ( 045833333 

What's the Decimal of '34r5. one Pound the Integer? 

It is this Compound Vulgar Fraction + of Pr of 26 

960)3.000002(003125 


Aſter this Manner are the Decimal Tables calculated in 
Books treating of Decimals. 


To find the Value of a Decimal Frafion in the 


— 


noten Parts of Money, Weight, Meaſure, 


Time, &c. 


RULE, 


Multiply the given Decimal by the Denominative Parts 
of it, and cut off to the Right Hand of the Product, ſo 


many Places as the given Decimal has Places, and thoſe on 


the Left Hand are the Value of the given Decimal. 


; Examples ful lowing, 


What's the Value of this Decimal .748 of a Pound 
Sterling! 


0748 
20 


— — —_ 


Shilling: 14.960 
| 12 


V — — 


Pence 11.52 
6 + 


Farthings 2.08 


Note, Cyphers on the Right Hand of any Decimal ars 
of no Uſe. | 
What's the Value of .74415513 of a Year? 
Agſwer, 2714. : 19 b. oF 4 a4 ay 
| 2 
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ATABLYE of the Decimal Parts of a 


Foot. 

Z Decimal, B | Decimal, | 8 Decimal. | 
7 208333 | £1. 3541666 S . 6875 

£ , 0418360|| 4.375 3 . 708333 
+ |. 0625 3 |- 3957333 | | 3| + 7294665 
ſt 083333 || 5 4166660 Dan 

4. 104166 I 4375 1 285833 

2125 I 7 455733 = | 791660 
31.445833 3 4791 318125 | 

2|: 166 T: 10 |. 833333 

f . 1875 'S + $20833 +]. 8541 

= |+ 208333 [5416 2.875 

tes. 86% (8% 
23223332 (18 
41.270833 41. 6041666. 9375 
I! « 291666 | | + __ f 858533 

5 (* 3125 \ | 9159333 979! 

14333333 [| 8 6666666 12 aa 


ADDITI1O N. 


This is the very ſame with Addition of whole Num- 
bers, in which you muſt obſerve to place Primes under 
Primes, Seconds under Seconds, Thirds under Thirds, c. 
and caſt the Sum up all one as if it were Whole, And 
when you have done, ſeparate from the Total ſo many De- 
/ cimals to the Right Hand, as the greateſt Decimal hath 
Places. As theſe Examples will better inform you. _ 


FraTions 


r 
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 Fraftions to be added. | | 
47 870461 4 
3506 725 0 
30551 6043 18 11 
29 5 1 
71805 327 q 
Sum 1.60% 3.026779 | 
Mixt Numbers to be added. MK f 
4. a 5 4. 4. 4. q* | 5 
7.8104 7 16 2 1.984 [ | 
6.104 6 2 0 $3.84 1 
5.0081 5 : 1 3.776 1 
49192 4 1 2 1.792 *8 
3-20759 3 4 13-2364 5 if 
2.071 2 3.3" cb 1 
1.8 1 16 © ©. | | 
Sum 30. 91129 30 18 2 2.8384 i 1 
Zo | 
Skill, 18,22580 | 
12 | 
> —_—— 
Pence 2.7096 
4 
Farthings 2.8384 The ſame as on the Right Hand, 
Of SUBTRACTION. 


This is the very fame with that of whole Numbers, 
only remember to ſeparate to the Right Hand of the Re- 
mainder, ſo many Figures for Fract ions, as there are Deci- 
mal Places in the greateſt Number, and to place Primes 
under Primes, c. as in theſe Examples, 

, Frations, 


— 
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Fractions Mit Numbers. 
f . | Ells, 
+57 641. 
379 375 
191 640.6235 


Ts fubtrafing Integers and Decimali, obſerve the following 


Oraer. 


wy | 8 
Lent 16817 1681: 3:6: 049 
| | Paid 956.764 946215: 03 3.84 


— 


un 4 


Pounds 734.422 734: 8:5 3; 1:12 


Multiplication of Decimals. 
This in all Reſpects is the ſame with whole Numbers, 
only when the Work is done, obſerve. to cut off to the 
Right Hand as many Decimal Places as are in both the 
Factors, that is in the Multiplicand and Multiplier, and if 
the Product doth not produce ſo many Places, then you 
muſt ſupply that defect by Hire Cyphers to the Left 

Hand of the Product. ere are three Caſes, which 
mark well. a 


Caſe 1. A Decimal Fraftion multiply'd by a Decimal 
; | - Multipl:icand 


* Multiplication of Decimals, tog 1 
Multiplicand 75 - - - .685 ä T1 
Multiply = _ 25 - - +125 by 

375 3425 4 
180 1370 1 
Product 21875 685 1 
. 085625 ; [| 
Caſe 2. A Decimal Fraftion multiply'd by a mix'd | 
Number, 
Multiply me .943 and — G10; | 1 
NY 7.35 dy 29.18 | 
"7 4715 48832 4 
2529 6104 
O6or | 54936 
—__ 12203 
Product 6.93105 
f 17.871472 1 
Ca 3. A decimal Fraction Multiply'd by a whole 
Number. | 
Multiply me 730 
By 5052 
14612 wok 
43830 
36530 


—— * 


Product 369.2972 


Contractien. 


Let it be required to Multiply 7.03215 by 4.050 
and to have only four decimal Places in the Prod in — 
Firſt, three in the Second, two in the Third, and one in 
the Fourth. | 

Nate, The Multiplier muſt be tranſpoſed in the Way of 
Working, and the Unit's Place of the Multiplier is fer 


under 
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under that Place of the Multiplicand, which you * 
to retain in the Product. 


Soc the Operations. 
I "__ II. 


7.03215 | 7.02215 
230604 230604 
281286 28128. 
4219 421 
21 — — 
— 28.549 
28.5526 
III "4 IV. 
7.03215 03215 
230604 230504 
— — ——ů—ů—⁵—⁵5 — 
2813 28.1 
42 
28.55 


Nate, You muſt alwa ways have R to the Increaſe of 
| the two next Figures on, the right Hand. 


| Queſtions in Multiplication of Decimals. 


What will 3 . 114 produce being * a Pound 
the Integer ? 
Anſwer 9 d. o.8 165 


veſt; 2, What's __ 4. 11 d. a -Sie 


the e 
Answer 167. 44. o. 33 9. 
Que. 3. Whats the Square of 24. 11 57 
Pound the Integer ? 8 | 
Anſwer 61. 13s. 44. 17 
a Poun NP | 
Anſwer 1 4. 4+ 
But f a Shilling be "made the Integer, ths Antibes will 
de 25. 34. 
' Note, 


7. 
Dag. What will 13. 64. . being ſquared, 


f 
5 
[ 
] 
a 
( 


Fr; 
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Nate, Queſtions of this Nature admit of infinite An- 
ſwers according to what you make the Integer. 


Di viſion of Deci mali. 


You are to proceed in this in every Reſpect as if they 
were whole Numbers, only when the Work is done you 
are to find out the Value of the Quotient, by ſubtracting 
the Number. of decimal Places in the Diviſor from the 
Number of Places in the Dividend, and the Remainder 
are the Number of Decimal Places tobe prick'd off in the 
Quotient. Here are Nine Caſes, which take in the fol- 
lowing Order 


Caſe 1. A whole Number divided by a whole EDITING 
2831 54505-)546.307 


= eden =. ci a 
- , <a — s - — 22 


| 

Mee, rr add a Cypher, and fo on, 

far every Cypher you add, there will be a Decimal in the: 1 

Quotient. Heng, e three Cyphers added. | Fl 
Caſe 2. A whole Number divided by a mixt Number. 


28.3) 54505-3000(540397 


ces 3. A whole Numberdivided by « decimal Frofion;? 1 
g +283) 154605,000(5463.07 | 


Caſe 4. A mixt Number divided by a whole Number. 


283.)1546.05(5-46 1 
Caſe 5. A mixt Number divided by a mixt Number, 4 1 
89 Il 
Caſe 6. A mixt Nagy” divided by a decimal 
Fraction. 
283 1546050(5463 


Cub 7. A decimal Fraction divided by a whole Numb. 
15 ). 154905(- 000546 


Caſe 


under the Dividend, proceed thus, by dotting under the 
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Caſe 8. A decimal Fraction divided by a mit Number. 
28.3).1 54605 (,005 46 


Caſe 9. A decimal Fraction divided by a decimal Fract. 
-283).154605 (546 
Contractiont. 

Betauſe the Way of dividing Decimals often proves tedi- 
ous, when it is required to continue the Diviſion till the 
Value of the Remainder be ſmall ; for this Reaſon I ſay, 
the following Method. was invented. 

As many decimals as you intend your Quotient ſhall 
contain. retain ſo many in your Dividend, and then begin 
to divide with the firſt Figure as in the common Way, 
and prick off one Place in the Diviſor to the right Hand, 
and begin with the next Figure, in the Quotient to mul- 
tiply it by the Figure in the Diviſor which Rand over the 
Dot, but do not ſet it down, but carry it's Increaſe to the 
next Figure, and ſet it down for the firſt Place of Work 


A t= = «a. 


Diviſor, by which Means you drop a Place every time, 
which will much ſhorten your Work. T1 | 
Le Wy E X — — PLE. 2 
Let it aired to divide 31.4159 26 
to retain five devimal Places in the Sie end * | 
579.268)31.41592(.0542338 2 
** 2896340 
245252 
231707 | 
13545 
11485 
1960 
1738 
222 
9 
:\ 14 | 4 
45 | 
4 | 
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EXAMPLE II. 
Let it be required to divide 405.37 1082 by 617. 2 
and to retain three decimal Places in the Dividend ? 7h 


617 261406-37 108265835 


2* *2 37035 


When you cannot have the Diviſor in the Dividend, 
drop a Figure in the Diviſor by dotting under it, and car- 
it's Increaſe to the next Product of the Diviſor, as for 
xample, Divide 21.83 by g.706, here two Places of De- 
cimals are retained. 


9.706)21.83(.223(2.25 
* 1941 


} 
j 
' 
1 


1 Of Decimal Fraun 


r — — 
- — 2 


The Single Rule of Three Direct in 
- Decimals. 


F Ordering the Numbers and ſtating the Queſtion is 
in all Reſpects as in whole Numbers, which we 
have taught in Chap, IV. therefore we ſhal] procecd to 
give ſome Examples. ; | 
| veſts 1. If 201 Yards, of Cloth coſt 3614. 155. what 
will 64 4 Yards coſt. f | 
In Decimals it will ſtand thus, a Pound the Integer, 


Yo ; J. 
If 20.5 : 36.75 : : 64.25 
36.75 
32125 
975 
39550 
19275 
205) 2361.1875(115.179 
205 | 
311 
205 
1061 
* 1025 
| 308 


205 
a 1637 
22 
2025 
1845 


| L 180 
Remainder 180, to which add 3 Cyphers, and then 
will remain 10, and the Quotient 115.179878/. 
==115/. 35. 74. 0.68288 7. 3 
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Deſt. 2. It 64.25 Yards of Cloth coſt 115 J. 3 1. 74: 


0.68288 9. what will 20.5 Yards coſt. 
Anſwer 36 J. 15 . 


neſt, 3. If for 36. 15 . I buy 20.5 Yards of Cloth, 
155 — Yards may 1 buy for 115 J. 35: 7 4. 
0.53288 g. | 
. 64.25 Yards, J 
weſt. 4. If 115. 3. 7 4. 0.68288 f. will buy 64.25 
Vards of Cloth, how many Yards may I buy for 36.75 J. 
Anſwer 20.5 Yards, 


And thus you lee how every Queſtion may be varied four 
ſeveral Ways, and one is a ſure Proof of another. 


Que. 5. If a Labourer earn 2 5..13 4. per Day, what 
doth that come to in the Year ? a Pound the Integer. 


State it this. 


| D, Z. D. J. J. a. 
If 1. : . 1062499 : 365 : 33 15 | 7 4 
But make a Shilling the Integer it will ſtand thus. 


If 14, 2.125 f. :: 365 4. 


— 
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HIS is what is called Croſs Multiplication amongſt 
Workmen and Artificers ; they generally caſt up all 
their meaſured Work by this Way, and therefore it claims 
a Place in this Treatiſe. | 
Firſt then, Feet multiply'd by” Feet produce Feet; 
2, Feet by Inches, and divided by 12 are Feet. 
3. Feet by Parts, and divided by 12 are Inches. 
4+ Inches by Feet, and divided by 12 are Feet. 
$5. Inches by Inches, and divided by 12 are Inches. 
6. Inches by Parts, and divided by 42 are Parts, 
7. Parts by Feet, and divided by 12 are Inches. 
8. Parts by Inches, and divided by 12 are Parts. 
| L 


9. Part:, | 
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| | x ah Parts, and divided by 12 are Seconds. 
I Thatisa Game next leſs than Parts: As in this Table. | 


[ 
Factors. | Feet, | Inches, | Parts, 
are Inches| are Parts 
Feet. || Peet. — by 12 — by 12 
$4 are Feet. [[are Inches. 
__ _- are Inchesſſare Parts [|are Secon, 
Inches. || = by 12] = by 12]] — by 12 
wo are Feet. late Inches, [fare Parts 
are Parts ſare Secon, [are Thir 
5 Parts. | — by 12 || by 12 by 12 
| are Inches A Parts, ſare Secon 


"EXAMPLE: 


Let 5 Feet, 3 Inches and 6 Parts, be multiplied by 2 
Feet, 4 Inches and 6 Parts, what will be produced? 


Product 


See the Work. 


12 6 


In adding the ſeveral Products together, you muſt ſet 


down' all above 12, 


Denomination. 


and carry the Twelves to the next 


Mere 
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More Examples. = | 
. I. . . . 
Multip! 0 © It 9 
By VE D-<9--9 S $0 " 
5 0 0 4 7 8 
6 0 222 
1 9 Prod. 0 4 10 9 
2 F 
Product 5 10 11 
F. I. P. 
f me 49 11, 9 
—_— 
13720 0 
| - 25 5 O ; 
19 © | | 
\ wo. 8 : i Þ 
n 1 
Bj 3 9 i 
8.9 if 
10 = 
2 9 
2 3. 


Product 8 ere 


The ſame performed r from the Table 
Page 106. 


49497916 
_ _28-4375 
24999580 
34985512 
14993743 
— * | 19991664 
39983328 
98905832 Es 
Feet 1421.282362500 
7 g L 2 


Seconds 79224 
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Feet 1421.282362 500 
Ed -,- IS 
Inches 3.3883 %% 
ia 99 
Parts 4.66020 0 
12 


— IE 
Thirds 11.0688 


This Kind of Multiplication may be rationally peformed 
by beginning to 0 by the leaſt Denomination to- 
wards the right Hand, and ſetting down all above 12, 
carry the Twelves to the next Figure, and add them all 
up. by 12 except the Feet, which mult be done by Tens, 


as in this Example; 


— 


Multiply me 


That is 88 Feet, 6 Inches and 9 Parts, Sc. of an 
Inch, tue other Figures being of fo ſmall a Value that 


they are not worth mentioning» 


CH AP- 
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COHAP..M - 
Of GEOMETRY. 


—_—_— 


DEFI NITION. 


EOMETRY originally ſignifies the Art of 
meaſuring the Earth, or any Diſtances or Dimen- 


fions on or within it. But *tis now uſed for the Science, 


of Quantity, or Extenſion, Magnitude, abſtractly conſider- 
ed, without any regard to Matter, 

Geometry very probably had it's firſt - riſe in Egypt. 
where the Nile annually overflowing the Country, and 
covering it with Mud, obliged Men to diſtinguiſh their 
Lands one from another, by the Conſideration of their 
Figure; and to be able alſo to meaſure the Quantity of it, 
and to know how to Plot it, and to lay it out again in 
it's juſt Demenſions, Figure and Proportion: After which 
'tis likely a farther Contemplation of thoſe Draughts and 
Figures, help'd them to diſcover many excellent and won- 
derful Properties belonging to them, which Speculation 
continually was improving, and is at this very Day. Be- 
fore I proceed, I ſhall firſt explain ſome Terms 

1. Axiom, is a Principal in any Art, fo evident, that 
it needs nothing but the Light of Reaſon to demonſtrate it. 

2. Conflrufion, is the drawing of Lines and framing of 
Figures, on preparing the Propoſition for 'a Demon- 
ſtration, 

3- Corollary, isa conſequent Truth gained from 
ceding Demonitration, | | 

4+ Definition, is the unfolding, or .explicating of the 
Nature and Affection of a thing in a few Words. 

5, Demonſiration, is the proving of a Thing by Defi- 
nitions and Axjoms, and ſo from ſeveral Arguments dra u- 
ing a 1 that it has that Affection the Propoſition 

aſſert. | 1 


L 3 6. Hip- | 


| 
| 
| 
| 
| 
| 
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6, Hypotheſis, is when a Thing is ſuppoſed, or given 
to be ſo. mw | 


. Lemma, is the Demonſtration of ſome Premiſe, in 
order to ſhorten a following Demonſtration. 
8. Problem, is when ſomething is propoſed to be done. 
9. Propoſition, is uſed promiſcuouſly, either for a Pro- 
blem or Theorem. 
10. Poſiulata, is a grantable Requeſt, or ſuch a Demand 
as reaſonably cannot be denied. 
1. Scholium, is a ſhort critical Expoſition, gained from 
a former Demonſtration, or a Corollary, wanting an 


-Explanation, - 


- 12. Theorem, is when ſomething is propoſed to be 


- demonſtrated, 


— —— 


ſuring Angles, 


II. Of Geometrical Definitions. 


„ A Point. is that which hath no Parte, and is the 
II very Beginning of Magnitude, 
„ A Line is generated by the Motion of a Point, and 


1s ſuppoſed to have Length without Breadth or Thickneſs, | 


3. A plain Superficies is generated by the Motion of a 


” right Line, and has Length and Breath only. 


4 Convex Superficies, is generated by the Motion of a 
Curve, or crooked Line, and is well repreſented by the 
outlide of a Bowl, or Baſon. 

5. A Concave Superficies, is alſo generated by the 


Motion of a Curve or crooked Line, and truly repre- 


ſented by the Concavity of the Heavens, or by the inſide 
cf a Bowl. | 

6. A Wavry Suferficies, may be repreſented by the 
Surface of the Sea in Rough Weather. 

7- An Arch, or part of a Circle, flows from a Point 
deicribed on ſome particular Centre, and is uſed in mea 


: 


8. A plain or right lin'd Angle, is made by the meeting 
of two right Lines in a Point; and if one of the Lines 


be continued beyond the Point where the other meets it, 
there will chen be two Angles formed : Eut if both the 


Lincs 


_ 
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Lines are continued beyond the Point, where they firſt 
touched they will then form four Angles. 
9. Angles may alſo be either Acute, Right, or Obtuſe; 
that is in Quantity leſs than go, juſt go, or more than go 
10. A Triangle is a Figure made by three Lines, and 
if right Lines, tis called a right lin'd Triangle And in 
reſpe& of the Angles, may be either Acute, Right, or 
Obtuſe. | 
11. Every plain Triangle may be conſidered, with 
relation either to it's Sides, or to it's Angles ; as to it's 
Sides, it may be either Equilateral, Iſoſccles, or Scalenous, 
12, An Equilateral Triangle, is that which has all 
it's Sides equal to one another, every Angle of which is 60 ; 
Degrees. 
13. Iſoſceles. TE or equal leg'd Triangle, is 
that which hach only two Sides equal: The Angles at the 
Baſe are equal, 
14. A Scalenous Triangle is that which has no two 
Sides equal. | | 
15. A Spheric Angle is made by the Int erſection of 
two Curve Lines, or by the meeting of two. Arches of 
two great Circles of the Sphere. | 
16. An Oblique Spheric Angle is made by the mect- 
ing of two Arches of two great Circles of the Sphere, 
and contains more than go®, ora Quadrant. 
17. A mix'd Angle is when one Leg is ſtrait and the 
other curved, or crooked, and this you often meet with 
in the Stereographic Projection of the Sphere, that is, 
when the right Line cuts the Concave Side ot the Arch. 
But if the Angle be made on the Convex Side of the Arch, 
being a Tangent to that Arch, then it may be called the 
Angle of Contact, which is leſs equal and greater than the 
Truth, as Euclid demonſtrates in he 116th Propoſition of 
his third Book; and conlequently the Angle of Contact is 
not any known Quantity. ö 
18, A Spheric Liar gle is made by the Interſection of 
three great Circles of the Sphere, and the Sum of the 
three Angles of a Spheric Triangle is greater than two 
right Angles: 
19. A Circle hath one Line which encloſes it's Space, 
which is made by the Motion of a Point round ſome 0 her 
* N ount 
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Point, at ſome certain diſtance, and this curved Line when 
moved round is called the Circumference, or Periphery, 
and the Point exactly in the middle on which it was de- 
ſcribed is called the Centre, from whence all Lines drawn 
to the Circum ference are equal, and are called Radius, 
whole Sine or Semidiameter, whoſe double is the Diame- 
ter or Chord of 180%. Conſequently all Circles have in 
them 360 Degrees. 


- 
wy 
- 


1 n _— — — 3 


20. A Semicircle, is half the Whole Circle, being 
contained betwixt the Diameter, and that Part of the Cir- 
1eamerence cut off by it, From which an Inftrument in 
Survey ing takes it's Name. It has in it 180 Degrees, as 
ABD. | | 
21; A Quadrant is exact one Quarter of a Circle, or 
go Degrees, being bounded by a fourth Part of the Cir- 
-cumference, and two Semidiameters cutting each other at 
'a right Angle in the Center as A C B. 
22. A Segment of a Circle is a Part cut off by a right 
Line, | {leſs than the Diameter) drawn within the Circle, 
repreſented by the Chord or right Line A d in the follow- 
ing Figure, and this Segment may be greater than a Semi- 
circle, as A 1 4, or leſſer, as Ac . | 
23, A Stor is formed by Part of a Circle, and two 
Semidiameters drawn from a Center to the Circumference, 
's Area is equal to the Superficial Content of a right 


- ma avw0 ke tra oat 


x A Cone. as, c · c e above | N „ 
24. Every Circle, whether great or ſmall is ſuppoſed to 
be divided Mathematically into 360 equal Parts called De- 
; x 
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grecs, and every Degree into go equal Parts called Minutes, 
every Minute into 60 other equal Parts, called Seconds, Ec. 
the Reaſon of dividing the Circle into that Number is, be- 
cauſe it will admit of more equal Parts than any other 
Number, as by the Work is plain, | | 

2) 360 (180 Degrees. 


| 10) 3 * 
25. The Meaſure of a right Angle is an Arch of 2 
Circle deſcribed on the Angular Point, by the Sweep or 
Chord of 60 Degrees, and lieth intercepted betwixt the 
two Sides that forms the Angle; and as many Degrees as 
there are in the Arch, ſo much is the Meaſure of the Angle, 
when that opening is applied to the Line of Chords, which 
is the moſt expeditious, but any right lin'd Angle may be 
meaſured by it's Sine, Tangent, or Secant. * 
26; The right, or natural Sine of an Arch or Ang! 
is a Ljne perpendicular to the Diameter, and continued till 
it touch the Periphery of the Circle z as H I is the Sine 
of the Quadrant, A 1G I. and likewiſe the other 
| Perpendiculars are Sines of their reſpective Arches, Cc. 
The Chord of an Arch is like the String of a Bow, and leſs 
than the Diameter, (for the Diameter is the Chord of 180®) 
being drawn to touch the Circle in two Points any where, 
as Ab, Ac, Ad, Ae, are all Chords of their reſpective Arches, 


. The Com 
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27. The Tangent dA Arch, is a 8 a 

to the Diameter, and touching the Circumference of the 

Circle, meeting with a Line iſſuing from the Center, called 


the Secant : So that A B is the Tangent, and A C is the 


Secant of the Arch D B, and ſo of the others in this 
Figure, where the Secant cuts. the Circle and meets with 
the Tangent, is determined the Tangent and Secant of 
that Arch, A g 


| plement of an Archor Angle is what the 
Angle wants of a Quadrant, or of gemieircſe ; ag ſuppoſe 
Jou have the Sine of 6o=to A B, then it's Complement to 
a Quadmaatis AC, and B D is the verſed Sine: Now "tip 
plam from the Figure that the verſed Sine and Co-fine, 


er Sine Complement, are always equal to Radius, for 
 CA=EB, and EB + BD =E Drhe Radius, 


a 1 We. NC 1 
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VB. The Chord, Sine, Tangent and Secant of every 
Arch leſs than 90, is alſo the Chord, Sine, Tangent foo 
Secant of ſo much more than 90 as it's Complement is 
ſhort of 4 Degrees. " 

209. Geometric Square, has ſour equal Sides, and 
the Angles all right, or 90 Degrees. 

30. A Parallelogram, oblong or long Square, has it's 
oppoſite Sides parallel and equal and the Angles right. 

31. A Rhombus, has all it's Sides equal, and the op- 
polite Angles equal, but none of them right, two being 
acute and two obtuſe. 

32. A Rhomboides, hath it's oppoſite Sides and oppo - 
fite Angles equal, but not right angled. c 

33- All four-fided Figures whoſe Sides are nat equal, 
are called Trapeziums, and their Angles are alſo unequal. ©, 

34, The Diagonal of any Figure is a right Line drawn 
from the oppoſite Angle. | 

35. If Figures have above four Sides, and thoſe une- 
qual, they are called irregular Polygons. 

36. Regular Polygons are thoſe that have more than 
four Sides, in which the Sides and Angles are equal; ſo 
that if it has five equal Sides and Angles it is called a Pen- 
tagon, every Angle of the Circumference is 108 Degrees, 
and at the Center 729. a | 2 

A Hexagon has fix equal Sides and Angles, every Angle 
at the Circumference is 120 Degrees, and at the Center 
60 Degrees. | 

A 8 has ſeven equal Sides and Angles, the Angle 
at the Circumference is 128.5714 and at the Center 
514428570. ERS 

An Octagon hath eight equal Sides and Angles, every 
Angle at the Circumference is 135%, and at the Center 450, 

A Nonagon hath nine equal Sides and Angles, every 
Angle at the Circumference is 140%, and at the Center 409, 

A Decagon hath ten equal Sides and Angles, every j — 
gle at the Circumfere:ce is 1447, and at the Center 36 

An Undecagon hath eleven equal Sides and Angles, every 
Angle at the Ciocupaberence is 147.27, and at the Center 
32.72 Degrees. 

A Dodecagon is a Figure of twelve equal Sides and 
Angles; every Angle at the Circumference is 150, —_ 

| | 1 0 
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the Center 30 Degrees, From hence it is plain, that all 
regular Polygons derive their Name from their Number of 
Sides, be they ever ſo many, ſo that tis needleſs to mention 
any more of them 
A Cone is a ſolid Figure, riſing from a Circle by 
the Rotation of a Triangle round one of it's Sides and ter- 
minates in 4 Point at the Top. called it's Vertex; a Cone 
is equal to one third of it's cixcumſcribing Cylinder, as is 
plain from the Fignre, 


ha” * ws £ 


4 | tal ” 

. . Every Cone hath ſive Sections. (1.) If the Cone be cut 
by a Plain thro? it's Axis A B, that Section will be a 
Triangle. -(2.) If the Cone be cut any where by a Line 

gel to the Baſe, as C D, this Section will be a Circle. 
3.) If the Cone be cut in any oblique Poſition, at Fe, 
this Section will be an Ellipfis, (4.) If the Cone be cut 
by a Line as G H, parallel to one of the Sides, this Section 
= will be a Parabola. (g. If the Cone be cut by. a Plain 
=_ - as I K, parallel to the Axis A B, this Section will be an 

Hy perbola. | 

N-te, That every Triangle is half it's circumſcribing 

Parallelogram, the Diameter of every-Circle, is ihe Side 

of that Square that circumſcribes it, which is double to 

_ - that Square inſcribed in the ſame Circle, e, 

| * a : 2 
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The Ellipfis is a Geometrical Mean between two Circles 
deſcribed on the Tranſverſe and Conjugate Diameters The 
Parabola is 4 of it's circumſcribing Parallelogram. The 
Hyperbola is 4; of it's circumſcribing Parallelogram. 

38. There are three Kinds of Magnitudes, viz. Length, 
Breadth, and Thickneſs ; that is to ſay, a Line, a Super- 
ficies, and a Solid. | 
A Line being generated by the Motion of a Point, a 
Superficies by the Motion of a Line, and a Solid by the 
Motion of a Superficies ; and which Way ſoever a Solid is 
moved, it ſtill produces but a Solid. Therefore a Solid is 
that which hith Length, Breadth and Depth, and it's 
Boundaries are Superficies. 

39. A Parallepipedon is a {lid Figure, contained under 
ſix Parallelograms, the oppoſite which are parallel. 

40. A Priſm, is a ſolid Figure, contained under ſeveral 
Planes, whoſe Baſes are regular Polygons. 

41+ A Pyramid z a ſolid Figure, whoſe Baſe may be 
either a Triangle, Square, or any other Polygon, whole 
ſeveral Planes meet in a Point at the Top. 


42. The Fruſtum of a Pyramid or Cone, is only the 


remaining Part when the Top is cut off, 

43. A Cylinder is a ſolid Figure, like the Rowling 
Stone of a Garden, and is formed by the right Line moy- 
ing round parallel to itſelf, and conſequently ig in all Places 
of the ſame Diameter, it's Ends are Circles and parallel to 
each other. 

44. A Spheroid is a ſolid Figure, made by the Motion 
of a Semi-Ellipſis, the tran(verſe Diameter remaining fix'd. 

45. A Sphere or Globe, is a Solid, perfectly round 


every; where, produced by the Rotatioa of a Semi-carcle, . 


che Diameter remaining fix'd. 
46. The Segment of a Sphere, or Globe, is a Piece 


cut off lels than half the Gloþe ; and the greater Part of 
it is called a Fruſtum. | 


47. A Parabolic Spindle, is a Solid, formed by the Ro- 


tation of an acute Parabola, about it's greateſt Ordinate, 
remaining fix d. | 

48. A Parabolic,Con1oid, is made by the Rotation of a 
Semi-parabola, the Abſciſla remaining fix d. 


W 49. An 


——— 0 
— _ . 
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49. An Hyperbolic Conoid, is generated by the Motion 
of a Semi-Hyperbola, the tranſverſe Diameter remain- 
ing fix c. | 41 

50. The Tetrahedron, is one of the Pythagorian, or Pla- 
tonic Bodies, and is a Solid Figure, contained under four 
equal and equilateral Triangles, which may be deem'd a 
little Pyramid. > 8 

51. The Hexahedron, or Cube, is. another of the Pla- 
tonic Bodies, and is a ſolid Figure, contained under fix 
equal Sides, or Geometric Squares. | 

52, The Oftahedron is another of the Platonic Bodies, 
and is a Solid, contained under eight equal and equilateral 
Triangles: -- 7 | well 

53. The Dodecahedron is another of the Platonic Bodies, 
and is a Solid, contained under twelve equal equilateral, 
and equiangular Pentagons. a 
54. An Icoſahedron, is alſo one of the Py thagorian Bo- 
dies, and is a ſolid Figure, contained under twenty equal 
equilateral Triangles. 8 


85 
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III. Of Ges metrical Theorems, 1 | 

? 8 | 1 r 
1. F two right Lines be parallel at any diſtance, aB 
and C B, and be cut by a third E F, at ary Ahgle 


wWhatſobever, I ſay the Angles of the one are equal to 
Angles of the other. 4 4 and = . TY 


3 
6 —— CL 8 „ Att. Ad 
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2: A right lin'd Triangle made between two parallel 
Lines, the internal Angle is equal to the external; and 
that all che three vw, oh taken together are equal to a Se- 


micircle, 4 = 5, and c c, and that is a== to Comple- 
ment & and c. 


3. Any Side of a right lin'd Triangle, being produced, 
the external Angle is equal to the Sum of the two acute 
internal Angles, And further, if we draw a Line parallel 
to the Baſe, as ag, it will divide the external Angle into 
two other Angles, which will be in Quantity equal to the 
two internal Angles ſeparately. | 


4. An Angle at the Centre is double to an Angle at the 
Circumference, as is clear from all the three Figures; the 
Angle AC D in the firſt Scheme is double to the Angle 
*ABD, and AC.B in the ſecond is double to the Angle 
ABC. And the Angle ACD in the third Figure is 
double to the Angle A BDP). 


M 2 Every 


\A 


A. 


1 
— 


5. Every Equilateral Triangle inſcribed in a Circle, the 
Internal Angles in the Triangle are equal to a Semicircle, 
and the external to the whole Circle, or 460 Degrees, as 
per Figure, For 60 X 3 = 180, And 120 X 3 = 360. 
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6: An Angle in an Arch greater than a Semicircle, is 
lefler than a Quadrant, or go. Euclid 31, 3. As in Fig. i. 
7, An Angle in a Simicircle is equal to a Quadrant, or 
g0?, as in Fig. 2. , | 

8. An Angle in an Arch leſſer than 4 Semicircle ies 

greater than a Quadrant at 90 Degrees, as in Fig. 3. 


A 3. Equiang/ed Triangles have the -Sides about the equal 
es proportional. For as | 


Dy AD:: BC: D E, or as AB: BC AD 


be no uſefu! in Mercators Sallfog. 
10, The Area of ſuperficial Figures are proportional at 
the Square of their vides that bound them. * 

| For 
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For in theſe two Figures the Area of the Square exceed? 
that of the Parallelogram, Proportional 2 of 
their Sides; altho* they be go each all round, yet the Area 
of the Square excceds the Area of the Oblong by 100. 


4 


8 20 


Area 


400 20 


20 


1 
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0 Area 300 10 


30 
I mY a right Line is divided into two equal Parts ; 
the Square made of thoſe Parts . N but to 4 of the 
Squaie made of the whole Line A B, whole, Square is 
= A BCD. And the Square of A E, is = APP H, one 
fourth Part of the great Square, But the Squares made of 
AE and EB, are equal to half the great Square, | 


E 
4 F 
% D =? G 


12. When 
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12. When a Line is divided by chance into two un- 
equal Parts, the Square of the whole Line is equal to both 
the Squares made of the Parts, and to two Parallelograms 
comprehended under the ſame Parts alſo: For the 
Square B C D E, and the 3 N. FE H G, with the Pa- 


Tallelogram A B E F, and E DIH are equal to the Square 
ACIG. $7 
N B 
nen 3 
u ENY 
H 


13+ Every Triangle is half the Square or Oblong that 
circumſcribes it. In the Triangle A BC, let fall the 
Perpendicular B D. Then *tis plain from the Figure that 
ABC is half of AEF C. 


. I 


* 4 C 


14. In all right angled plain Triangles, the Square 
made of the Hypothenuſe, is equal to boththe Squares made 
of the two Legs which contain the right Angle. For by 
the Figure it is plain, that the Square of AB 3 =9, and 
the Square of BC4 = 16 +9 = 25 dd 

| 1 


15. The diagonal Line of every geometric Square, is 
double in Power to the Side of the ſame Square. 
16. Parallelograms, which ſtand on the ſame Baſe, or 
on equal Baſes, and in the ſame Parallels, are equal one to 
the other,” For BCDE = ABDE, 


* 


17. Every Polygon, is equal to a Parallelogram, whoſe 
Length ie equal to half the Perimeter or Circumference 
thereof, and Breadth to a Perpendicular drawn from 
the Centre to the middle of any Side of the ſame. 
Euclid 41, 1, 

18, Every Circle is nearly equal to a Parallelogram, 
whole Length is equal to half the Circumicrence, and 
Breadth to the Semidiameter. - 

19, Every Circle's Sector is nearly equal to a Paralle- 
Jogram, whoſe Leogth is equal to the Semidiameter 5 = 
N | IIC1C 


& +4 — hd a 


— — 
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Circle, and Breadth to half the Curve or Arch- line thereof. 
Or whoſe Length is _ to half the Scmi-diameter, and 
Breadth of the whole Curve or Angle-Line thereof, 

20. If any Parallelogram ofany Dimenſions whatſoever 
have for it's End Unity: if each End be increaſed 
Unity that will make the Parallelogram double ta what it 
was before, 

From hence atiſeth the Shepherd's Queſtion : vizi If 
an hundred Hurdles will fold one hundred Sheep, one 
hundied and two Hurdles will fold two hundred Sheep, For 
if the Parallelogram A BCD will hold 100 Sheep, take 
another Hurdle a d ſet from C to F and another from 
D to E, 't's then plain, that AB F E is twice as big as 
4 B CD, and conſequently will hold double the 172. 
of Sheep, For AB= 49 +EF= 49 =98 2, 
＋ AE 2 = 4 + 98 = 108 Hurdles. * 
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IV. Of GeomeTRICAL PROBLEMS. 


N PRGBLEM I. 


To divide a given Line into two equal Parts, 


ET the Line given be A B, ſet one Foot of the Com- 

paſſes in A, and open the other Foot to any Diſtance 
above half the Line, and ſweep the Arch C D, with that 
Extent or Opening of the Compaſles, ſet one Foot at B 
and draw the Arch C D, lay a Ruler to the Interſection 
CD, and draw the right Line C DE and it will divide 
the given Line A B in E, into two equal Parts. 


PROBLEM 


| paſſes in the given Point and open the other Foot and 


EY 4 
. 8 
| 7 i I 


PROBLEM II. 


Jo eres a Perpendicular at the middle of a given right 


Lise. | 


By the la Problem find the middle of the Line A B 


at ©, ſet one Foot of the Compaſſes at A, and draw the 


Arch D, with the ſame Extent ſet one Foot in By and draw 

another Arch at D, where theſe two Arches interſect at D 7 
hay a Ruler, and draw the Line D C, and tis done. 

1: 

. N D | 


4 ö 


2 1c B 


*. I I I IE 


„%%% - Z-p 9 4 © HW 
To let fall a Perpendicular upon the:Midle of a given Line. 
Let the point above be A, ſet one foot of the Com- 


draw 


* 


»6 
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draw the Arch to cut the given Line in B and Cs ſet 
one Foot in B and C ſeverally, and draw the Arches at 
D, lay a Ruler from A to D. and draw A E, which is a 
true Perpendicular to the Line BC; the Angles A E. B, 
A E C are each go Degrees. 

223 V 


PROBLEM IV. 


To ered a Perpendicular at the End of a givenjright Tias. -_ 


; r £3. vat 
There are ſeveral Ways to, dg meh I ſhall content 
my ſelf with one, and leave the of ethods to 


ractiſed by the judicious cen 1 "ws : 
25-47 the As Line be A ee ape Foot of your, Com- 

aſſes at the End of the Line at B”"and7 open. the other 
Foot to any convenient Diſtance; and ſweep the Arch 
CDE, ſet one Foot in C and draw BD, carry that ex- 
dent and ſet one Foot in D, and draw E F, with the ſame 
extent ſet one Foot in E and draw D F, lay a Ruler 
from F to Band draw F B, which ſhall be at right Angles 
to A B as was required.” | 

See Theorem 2 ofthe, page 131. where this is per- 
formed accordingto eſis. | 

eu one 
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PROBLEM V: 


We have a Problem direfting us how to draw Pa3rall(:! 
Lines, but fince the Invintion of the Parillel Rules, | 
rather chuſe ts adviſe the Young Prafiitioner to buy th! 
Ruler, and make Uſe of that, before the Problem, 

Alſo parallel or centric Circles are eaſily drawn without 
giving any Directions. 

To find a Geometrical mean Proportion between ary 
two given right Lines. | 

This we have ſhewn how to do in Numbers when we 
taught the Uſe of the Square Root; it now remains to 
ſhew the young Geometrician how, to do it by Lines 
which will give him a bright Idea of many uſeful Thivg: + 
in Geometry. | 

1A the two Lines given be AB = 34, and BC 
16, draw an occult Line, and from a Scale of equal Part: 
take 34, and lay it from A to B, from the ſame Scale 
take 16 and ſet it from B to C, by the firſt Problem biſect 
A C, and ſweep the Semi-circle A D C. from Berc the 
Perpendicular B D, which meaſured on the ſame Scale you 
will find to be 2343, and that is a. true geometrical. Mer 
Propot tional between 16 and 34. Draw A Dad CD, 
ſo ſhall the Angle A D C (by T rem 8.) be a right Angle, 
and by Theorem 14 AD will be found 41,21, and CD 
28. 20. For as BC 16: BD 23.3: 1B D233 


+ AB 34. 
vent © PROBLEM 


PROBLEM VI. 


To divide a right Line in extream and mean Proportian. 


Let the given Line be A B = 64, from a Scale of 
equal Parts, or from the Line of Lines on the Sector, 
(which how to do, we ſhall ſhew -when we come to treat 
of the Uſe of that Inſtrument) take half of AB == 27 
and ſet it at right Angles from B to C, ſet one Foot of the 
Compaſſes in C, and draw the Arch B D, join A and ©, 
then AD = AE meaſure on the ſame Scale will bz 
found to be 33.5, then AB—54-AE335=EB 20.5 
EB, AE. AE. AB, 


20.5 33.513358: 54 


For as 


33˙3 E 205 


PROBLEM VII. 


To divide a given igt Line into any Proportion required, 
Let the given Line be A B == 60, aad I would have it 
divided in proportion as 40 to 50 
N 


| 8 Ad. 


0 
8 — aw ad. cc 
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Add the two Numbers of your Proportion together, 
Viz. 40 + 50 90, then ſay, as 90: 69 : 50: 33-33 
the greater Part of the Line, Then AB 6033-33 = 
26.67. the leſſer Part of 175 given Line. 


— B 
Or for CB the leſſer Lines you may ſay 
AC CB 


As 50 40: : 33.33 : 26.67 

But this may be done Geometrically thus, Let D F be 
== Go, and be divided in the Proportion of A to B. 
Make the Angle CDF any Quantity at pleaſure, and 
draw D C, erect the Perpendicular F C, take the Line 
A and ſet from D to E, and' B ſet from E to C, draw 
E G parallel to C F, fo ſhall DG and G F meaſured ſe- 
verally on the Line of equal Parts be 33.33 and 26.67. 
and in Proportion as 50 to 40; draw the Line GC, ſo 
ſhall the Triangle C D F, be to the Triangle C G F, as 


80 to 40, 


0 
337˙33 G26. 


Nate, From hence we learn to divide a Field into two 
equal Parts, ſo that each Perſon might have the Benefit of 
the Water (for his Circle) which was placed on one Side 
thereof, : Lo 
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Let A CB be the Field, and a Baſon of Water at F 
be required to be fo divided into two equal Parts that each 
might enjoy an equal Share of the ſaid Water. 

irſt divide A Ninto two equal Parts at D. then draw 
F C, and D E parallel thereto, and laſtly draw F E,' and 
"tis done. Now the Triangles A C B and FEB are Si- 
milar, therefore AC EFS = FEB. 


0 


. 


PROBLEM VIII 
Two Lines given, to finda Third in Proportion. 

Let the two Lines be AB = 32.5 and AC = 20 
Make the Angle D A B at pleaſure, and ſet off 20 from 
A to C, and 32,5 from A to B, draw CB, then with 
one Foot of the Compaſſes on A, deſcribe the Arch BD, 
draw DE parallel to C B, and tis done; for then it wil 
be, As AC: AB:: AB: AE. 


N 2 PROBLEM 
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PROBLEM IX. 


To Three given right Lines to find a Fourth, Fifth, Sixth, &c: 
| I Proportion. 


Make the Angle K AL any Quantity at pleaſure ; let 
AB, A C, and A D be given to find others in Propor- 
tion; draw BC and DE parallel to B C. Then, as 
F AB: AC:: AD: AE. Then from the ſame Scale of 
equal Parte that you laid off AB, ſet off A F, AH, and 
A K, and draw FG; HT, K L, parallel to B C, and 
| , you will have theſe Proportions, vis. As AB: AC 
{ :: AF:; FG, and to HI and to K L, we. 


PROBLEM X 


| J make a Square tqual to a Triangle. 


| The Side of the Squire is'a geometrical Mean between 
eue Baſe and half the Perpendicular. 


Example. 


Let the Baſe of a Triangle be 30, and the Perpendicular 
40. what's the Sides of a Square equal. | 95 
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See the Wark. 0 | 


” Baſe - += - 30 — 
4 Perpendicular 20 


600 (24.49 


& _—_—_ 


44) 200 
176 


484) 2400 
1936 


4889) 46400 
: 44001 


2 
Anſwer. 24. 49. om 
PROBLEM XI. 


To reduce an Oblong to a Square. 


The Side of the Square is a geometrical Mean between 
the Length and Breadth of the Oblong. 


Example, 


* 


Let the Length of the Oblong be 40, and Breadth 18, 
what's the Side of the Square equal ? 
| Operation. 

18 

qo" 


— — 


720 (26.8 


* 


- 


400320 
276 


528) 4400 | 
Io! 4224 
| 176 
N 3 PROBLEM 
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PROBLEM XII 


To reduce a Rhombus to a Square. 


The Side of a Square is a geometrical Mean between 
the Sideof the Rhombus and it's Perpendicular, 


Example 


L | 

Firſt, the Angles of the Rhombus are always the ſame 
big. Co, So, and 120, 120 which all added together, make 
3603 and if we put 1 for the Sides of the Rhombus, the 
Perpendicular will be found to be. 866, and the Side of che 
geometrical Square equal is 93. 


PROBLEM XIII. 


To reduce a Rhomboites 10 4 Square. 


The Side of the Square is a geometrical Mean between 
the longeſt Side and the Perpendicnlar, _ 


"Fug Example. 
Let the Side of the Rhomboides be 50, and the Per- 
Pendicular 22, What's the Side of the Square equal; 
. 27 Os HO | 


* 


5O 
1460 (33.16 Side Square equal 


®', + 6M 
63) 200 
189 
661) 1100 
rr 
6626) 43900 
36756 


74144 
PROBLEM 


„ 2. 
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PROBLEM XIV. 
To reduce a Tripezium to a Square. 


Every Square's Side is a geometrical Mean between 
the Diagonal and half the Sum of the Perpendiculars. 


EXAMPLE, 


Let the Diagonal be 60, and the half Sum of the two 
Perpendiculars 23, what's the Sice of the Square equal ? 
Anſwer 37.14, | 


PROBLEM XV. 


To reduce a TripeZium to a Triangle. 
Let the Tripezium be ABCD. Draw the Diagonal 
B D, and continue A D to E, draw C E parallel to BD, 


draw B E and 'tis done. So that the Triangle EB A 
the Tripezium D C B A. See Theorem 16. 


85 


PROBLEM XVI. 
To reduce an irregular Figure of Five Sides into n Triangle. 


Let AB CD be an irregular Figure. Firſt, continue 
the Side D C to F and G at pleaſure: Draw A C and 
A D, then draw E F and B G parallel to A D and A C. 
Laſtly, draw A F and A G, fo ſhall the Triangle AF G 
be == tothe irregular Figure ABC DE. 0 

PROBLEM 


— 
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AI and AH, and parallel to them BK and G L., cutting 


PROBLEM XVII. 


To reduce an irregular Figure of Six or Seven Sides into a 
Triangle. 


Tot ABCDEFG be a Plot to be reduced to a Tri- 
angle. 

Fir//, By the laſt Problem reduce the ſeven Sides into 
five, thus ; | 

Draw the Line G E, and parallel thereto F H, then 
draw the Line G H, whereunto the two Lines G F and FE 
are thereby reduced. Then draw the Line B D, and * 
rallel thereunto C I, and BI, now are the two Lines B C 
and CD reduced to a ſtreight Line BI, and the whole 
Plot to a Figure of. five Sides. 

Secondly, To reduce this td a Triangle. 
© Produce the Side E D to C and L, and draw the Lines 


qt FA .o.c 


the Line E D, (being extended) in K and L. Laſtly, Draw 
AK and AL, and tis done, for I fay, the Triangle 
ALE s= to the irregular Figure ABCDEFG. 


T SMP 5 hel PROB, 


PROBLEM XVIII. 


To reduce a Pentagon to a Square. 
The Side of every Square is a geometrical Mean between. 
half the Perimeter and the AS omanennh As ſuppoſe the 
Side of the Pentagon be 1, the Perpendicular is 2 00 then 
what's the Side of the Square _ | 
See the Work. 
Perpendicular - - ,6882 
Half Ne Sides - 2.5 
34410 
13704 
1.720500 (14312 fere. 
23) 72 . f 
69 
261) 305 
| 261 
. 262 09 
2 PR OB. 
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PROBLEM XIX. 


Given, a Square of any Dimenſion whatſotver, to make an- 
other bigger or leſſer at Pliaſure | 


In Theorem 15, I have told you that the Diagonal of 
one Square is the Side of another Square double in Power 
to the ſaid given Square, 


| RULE. 


Multiply the Square of the Side by 2, FL 4, Cc. the 
uare Root of the Product will give the Side of a Square 

whoſe Area ſhall be 2, 3, 4 times greater than the given 
Square, ſo that if the Side of one Square be 12, you will 
find the Side of another Square twice as big to be 16.97, 
and thrice as large to be 20.78, and four times as large, the 

Side will be 24. . 
If the Side of a Square be given, to find the Tranſverſe 
ard Conjugate Diameters of an Ellipſis, that ſhall be equal 
in Area to, that of the Square. | . 
Ni. Find the Diameter of a Circle thus, vis. Multi- 

Py the Side of the Square by 1.12$379, or divide it by 
386227 the Product or Quotient, is the Diameter of a 
Circle equal in Area: Then find the Circumference of it 
thus,- Multiply the Diameter always by 3.14159, and the 
Product gives the Circumference, then halt Circumference 
multiply'd by half Diameter is the Area or Superficial 
— 7 to that of the given Square: Then becauſe 
every Ellipſis is a geometrical Mean between twp Circles, 
deſcribed on the two Diameters of the Ellipfis, thoſe Dia- 
meters may be found to anſwer in ſuperficial Content to 
that of the given Square: For the Ellipſis being a Figure 
that flows between the Circle and Parabola. 

But here Note, That 1.128379 is the Diameter of a 
Circle, whoſe Area is equal to the Square, whoſe Side is 
Unity or 1. And .886227 is the Side of a Square equal 
When the Diameter of a Circle is one. And 3,141592 18 
the Circumference of a Circle, when the Diameter is one : 
N Truth. | | 

og PROB: 
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PROBLEM XX. 


To lay down an ag v by the Line of Sines on the Sector, 
having given the Tranfoerſe and Conjugate Diameters. 


Take AE = EB in your Compaſſes, open the gector 
at 90, go on the Line of Sines, and as the Sector now 
ſtands, take off the Sines 10, 20. 30, 40, 50, 60, 70, 80, 
and ſet them from each Way towards A and B, draw oc- 
cult Lines through thoſe Points in the tranſverſe Sector on 
the Sines 90, go to the Radius CE, and take in your 
Compaſs the Sine of 80, and et 10 to 80, take the Sine 
70, and ſet from 70 to 20 on each Side the Conjugate 
Diameter, the Sine 60, ſet from 3o to 60, the Sine 50 ſet 
from 40 to 50, the Sine 40 ſet from 50 to 40, the Sine 
30 ſet from 60 to zo, the Sine 20 ſet from 70 to 20, the 
Sine 10 ſet from 80 to 10, ſo will the Points 10, 20, 30, 
40, 50, 60, 70, 80, CB D A be in the Ellipſis, which 
with an even Hand draw the Curve and 'tis done: Which 
is truly Mathematical, and has not any part of a Circle in 
it, > 

Mete, The Ellipſis being delineated as above, upon Paſt- 
board and neatly cut out, you may then draw the El- 
lipſis by help of that Pattern Paſtboard, with Ink to a 
great Exaftneſs, which is always my Method in drawing 
the Azimuthsand Meridians in the Orthographic Projection 
of the Sphere, | 

Every Ellipſis has two Focus, or Navel Points, in the 
tranſverſe Diameter of the Ellipſis, through which Lines 
drawn at right Angles thereto are called the Latus Redun, 
the Length of which may be fourd- by this Proportion, 

As the Tranſverſe Diameter is to the Conjugate, ſo is 
the Conjugate Diameter to the Latus Refum, | 
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PROBLEM XXI. 
| Of Ovals. 
DIFINITION. 


A Ovals are ſomething like Ellipſes, of which there are 
divers Sorts, and are all made of Part of Circles, and 


* 


ee cannot be Ellipſes, as noted above. 
ill 11 To draw an Oval, by having given the two Diame- 
HI | ters, divide each Diameter into four equal Parts, and 
through thoſe Parts draw the Lines A BCD, then ſet one 
ul! Foot of the Compaſſes in D and extend the other Foot to 
1 F, and draw the Arch E F G; with this Extent of the 
__ Com paſſes ſet one Foot in B, and draw the Arch HI K; 
. ſet one Foot of the Compaſſes in A and C ſcverally, and 
| draw the Arch G H and EK, and 'tis done. 


, 


— — 
* 
4 — - _— - - _ 
_ 6 — 4 — A 
9 


2. An Oval may be drawn by help of two Geometric 
Squares A BE F, and B C D E, join the two Sides in BE, 
and draw the Diagonals A E, B F. and B D, C E, on the 
Centre E, with the Diſtance E A draw the Arch A C, on 
the Center B, with the Diſtance B F draw the Arch r D, 
and you will have a neat Oval. 


1 =. Cc 


3. Several Ovals may be drawn in one Figure para!le! to 
each other, by making the Angle C A D= 60 = to the 
Angle C B D for the four Angular Points ABCD are 
the Center on which four Arches or Part of Circles are 
4 drawn, which joined together at che Legs or Lines A C, 
A D, B C, BU, being continued, you may draw as ma- 


ny Ovals as yuu plealc, as you may the better perceive by 
this Figure, ? * 


: | C 4. An 


— = _ — — — — 
—— z —j——— — — . —⁰— rm — —— 
. , 
: . 
- 
1 
= * 


„ - 
— — i _ - - — - 
= - 
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4. An Oval may be drawn {by having only one Diame- 
ter of the Oval given) on two Circles. If the Line CD 
be 1, then will A B be ,756 thus proved. To avoid 
Fractions, ſuppoſe C D 12, then FI = 4] = 16. 
FG ==2 924. and eee 
GI + GH 3.46 = 6.92 = 1H. And = 
CE FDS ee e = A] + 
IH=6.92 +HB 10g ABg.os. Then to reduce 
them to the Unity, fay, 8 
ST AB - CD AN 

ww As 12 9.08 22 n 3 756 


FIEH 
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FIE His Rhombus, and the Amgles FIE=FHE 
.= 60, <HFI=HEI = iz. H is the Center on 
which the Arch A K is drawn, and I is the Center on 


which the Arch B is drawn. 
5. The longer Nameter of an Oval given, to, draw it 
on three Circles. To avoid Fractions call the Diameter 


AB 40, then is EI = 10) = 100 ＋ EF = 200 [J 
2144 =FI= CE +ED = CD 28.28. To 
reduce which to Unity, ſay, 
| een een 
As 40 : 28.28 2: 1 : 4707 
The Angles H, F, I, G, are all right, as being made in a 
Semicircle. See Theorem 7, 


PROBLEM XXII. 0 


To draw 4 Helix, or a Spiral Line with a Pair of C 
; from two Centers, eee, 


Let two Centers be A and B, through which draw a 
right Line, what Length you pleaſe, ſet one Foot of the 
Compaſſes-in B, and extend the other to A, and draw the 
firſt little Semicircle ; remove that Point of the Com paſſes 
from B to A, and extend the other to join the Semicirele 
juſt now drawn, and draw another Semicircle ; remove the 

oint of the Compaſſes from 8 again to B, and extend * 
2 other 


— 
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other Point to the laſt Semicircle, and there join it, and 

dra another Semicircle, do thus as long as you pleaſe, and 
you will have a delightful Spiral Line, rowling in ſeveral 

Circles, as per Fig. * 12 


* PROBLEM XXIII 
Hoeo to firike an Arch to any Heighth or Breadth; 


Let it be required to make an Arch four Foot high, 

== A Z, and the width on the Baſe 12 Foot = DE? 
Now all the Matter lies to find the Center that will ſweep 
this Arch, for out A ſſiſlance herein, we muſt call in Prob. 
5. by which we find that BE = BD is a geometrical Mean 
—— between A B and the reſt of the Digmete:, 
thereſore, divide the Square of BE = 36, by A B==4, 
and the Quotient 9 is the other Part of the ary 
| 4 


— 
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AB 4 +9 = 13, the whole Diameter of that Circle, | 
whereof the Arch DAE isa Part of the Circumference. 


For, | 
AB DB DB. 
As 4 : 6 :: 6: g + iz whoſez =6; the 
Semidiameter A C, ſo is C the Center of the ArchDAE 


which was to be found, 


A 


D/ Wis ODMR, 


lc 
PROBLEM XXIV. 


Jo lay down a Semioval, alias Curteel Arch. 


There is a Mechanic way to do this which js uſed by 
Artificers, but it being no ways Geometrical, I ſhall only 
hint of it and ſo paſs it by. 

mag Tranſverſe Semiconjugate Diameter of what 

ou pleaſe. 
F The Baſe or Tranſverſe Diameter they divide into ſeven - 
equal Parts, and the Semiconjugate into 15 (but not of the 
like Parts with the Tranſverſe) then they take 11 of thoſe 
15 and ſet perpendicular to the Tranſverſe at the Diviſi ns 
1 and 6, now have they three Points given to draw the Top 
of the Arch, to which three Points find a Center, and 
that Part is compleated, the Ends of the Arch are drawn at 
the Diſtance of two of the Diviſions of the Tranſverſe Di- 
ameter. i | 


O 3 PROBLEM 


Of Geometry. 


PROBLEM XXV. 


To draw a Pelicoides. 


A Pelicoides is a Figure, made np, or compoſed of a 
Parallelogram, a Square, a Semi-circle, Quadrants and Tri- 
angles, which how to meaſure will be ſhewn in their pro- 
per Places. And the young Geometer cannot miſs laying 


of it down at the very Sight of the Figure, 


PROBLEM XXVI. * 
DEFINITION. 


Lunes, or Lunulz; are three Semi- circles deſcribed on 

the three Sides of a right lin'd right angled Triargle. 
For the Triangle A B C is right angled for two Reaſons, 
_ $:ﬆ becauſe the Angles are made in a Semi-circle, (ſee 
Theorem 7.) and ſecondly, becauſe the Sides are in Pro- 
portion as 3, 4 and 5. w this Figure is meaſured, will 
5 PROBLEM 


*% 
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PROBLE M XXVII. 
To deſcribe a Lune in 4 Quadrant. 
Firſt draw the Triangle DE F, and on the Center E, 


the Hypothenuſe D F, draw the other Semi-circle and 


*tis done. 


We ſhall ſhew how to meaſure it in it's proper Place. 
D 
B 
IT. - 
PROBLE M. XXVIII. 


A, Sphert is 4 of a Cylinder tircumſcribed. 


Let ABC D be a Cylinder, DF C a Hemi here, 
AE B an inverted Cone, to have the ſame Bale and Alti- 
tude, and to be cut by infinite Planes all parallel to the 
Baſe, GH is one. Ifay the Square GI is every where 
equal to the Square F E (the Radius of the Sphere.) 


The HI E- U Ik: and conſequently, fiace Circles 
my | — 
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are to one another as the Square of their Radius, all the 
Circles of the Hemiſphere will be equal to all thoſe of the 
Cylinder, leſs all thoſe of the Cone, 2 E D. 


„„ TO” NEO 


G H 
D E C 


PROBLE M XXIX. 
To Reduce 4 Circle to a Square. 


This Problem is ed upon Archimedes's Proportion 
of the Diameter of a Circle to the Circumference being 
238 7 to 22, this being not perfectly true, (ſee Page 151 
but the neareſt in whole Numbers, and may ſerve well 
enough for our preſent Purpoſe, therefore let the Diameter 
AB, be divided into 14 _ Parts, at 11 of thoſe Parts 

erect the Perpendicular C D, and draw A D, fois AD 
the fide of the Square nearly equal in Content to the given 


Circle. And then if the Diameter be 14, the Side of 


the Square will be 12.41, as ſhall be ſhewn when we 
come to the Menſuration of Figures, 8 


- 1 
— 4 


PROBLEM 


— 
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PROBLEM XXX. 


999 


To Reduce a Square to a Circle. 


This is grounded upon the above Proportion for the 
Sake of whole Numbers, And here Note, That when the 
Side of the Square is 11, that then the Diameter of a Cir- 
cle equal is 12.41, * 
Divide the Side of the given Square into 11 equal Parts, 
at 5.5 of thoſe Parts draw the Semi-circle A B C, and at 8 
of the Parts on the Side of the Square erect the Perpen- 
dicular D B, draw AB continued to the Side of the Square | 
at E, ſo is A E the Diameter of a Circle equal in Content ? 
to the given Square, and if the Side be 11, the Diameter 
as 12.41 | 


1 


0 wry _— ts _ TT 7 — 


A 5 C 


By theſe two laſt Problems, we have proved the Propor- 
tion that a Circle hath to a Square, whoſe Diameter and 
Sides are equal is as 11 to 14, in round Numbers, 


Di. RAE Ws EAR | 

A Pons "ES ITS "PE : | 44 Side 14, .- 

5 ; . 196. at. 224 Cir. | 

1—õ7 —4 7 — 1 | 

+ . Content 154 | 
n "OM 


N 
A | | ow | 
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Now ſay, As 11 to 14, ſo is 154 the Content of the 
inſcribed Circle to 196, the Content of the circumſcribed 
Square: Becauſe you ſee the Diameter of the Circle in. 
ſcribed in the Square, is equal to the Side of the Square, 
Viz, each 14 as above, both being equal to A C. 


PROBLEM XXXI. 


To Divide a Circle into any Number of equal Parts, 


1. Draw a Circle of any Radius whatſozver, and dran 

oo Diameter A B, this divides the Circle into two <qui 
arts, \ | A 

2. Etect the Perpendicular FC, and that ſhall be the 
Side of an Hexagon, or the ſixth Part of the Circle= Al. 

3. Set FC from A to D, and from D to E, draw AF, 
for the Side of an equilateral Triangle. 

4. Draw AC for the Side of the Square inſcribed, 
the fourth Part of the Circle. | 

. Biſſext FB in G, and draw CG, make G H= 

GC, and draw. C H for the Side of the Pentagon, or fil 
Part of the Circle. | "It 

6. Joyn E G for the Side of a Heptagon, or one (event 
Part of the Circle. | 

7. Biſſext the Arch A C in I, and draw A. I for ty 
Side of an Octagon, or an eighth Part of the Circle. 

8. Divide the Arch A D E into three equal Parts in . 
and draw A K tor the ninth Side or Part of the Circle. 

9. The Line H F is the Side of a Decagon, or at: 
fided\ Fig ure. * 

10. The Line F Lis the Endecagon, - or eleventh (ide! 
Figure. And by doubling or tripling theſe Lines, tht 
Circle may be geometrically divided into more © Part i 


Pleaſure, 


— — 


A Synopſis of the Scheme. 


Part 


of the 
Circle. 


=* 
of 


— 


Sr 
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PROBLEM XXXIL 


To draw a Tangent te a given Circle. 


Let the Circle be B A, and C the Center, and the Point 
of Contact A, take the Radius AC in your Compaſſes, 
and ſet one Foot in B, draw the Semi-circle D A C. Laſt- 
ly, draw D A, and it is a true Tangent to the Point of 
Contact, becauſe the Angle D A C as made in a Semi-cir- 
cle, is a right Angle, 


PROBLEM 


PROBLEM XXXIII. 
To deleniate a Parabala in Plano. 
DEFINEFTLION. 


A Parabola is a conic Seftion, as mentioned in page 126 

A B ſtanding at right Angles with the Baſe CD is called the 

Abſciſa, and 46, 6 d, % g b, ik, nv, are Ordinates, 
| To find the Latus Rectum L M., 

It will always hold, . 


AB: CB: : CB; LM 
70 37-5 37.5 20.089. 
Note. The Focus through which the Latus Rectum muſt 


ſs, is diſtant from the Vertex A a quarter of the Latus 
Revium, which in this Example is 5.022 


To find the Ordinates. 
R U L E. 


The Rect Angle of the Latus Rectum, and it's inter- 

' cepted” Axe, is cqual to the Square of the Ordinate. 
In the Example above we have put 70 tor the Abiciſa 
AB, aud 75 for the Bife C D, from which the Latus 
Rectum LM is found to be 20.c89, one 4th of which i 
g. o = = AP, then 0 — 5.022 = 64933 = PB, 

7 = g. 282. the Diſtance of each Ordiuatc, a 
ow 


Oo 
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Now let us find the Ordinate N O, the Work lands thus: 
AP ==5.022 W Py = A q=14. 304 
LM no. os 
128736 
114432 
28608 _ 
287. 353056(16,951 


72 4 


3385) 17430 

10925 
33901) 505 56 
33901 


——— w — 


1655 
N g==16.19; . wi 
283 


MA 


————} 4 


And aſter this Manner of working the other Ordinaes 
are. found, as is here ſet down'; which being laid off at 
right Angles to A B, will give the Points a, c. e, g, i- 
n, L., M, «, 4, 2, J 4, 4, Which Points lye in the 


Patabela. 

- A B =70 
LM = 20,089 | 
NO = 33.502 | 
5 t = 43,532 

-.j& 2 = $1.39 
5 = 58.195 
c 7 = 7 1 
- == 69, 42 „ 
CD=75. 

P | PROB. 


PROBLEM XXXVL 
To d.lineate an Hyperbols in Plate. 
DEFINITION. 


An Hyperbola is the fifth Section of a Cone cut by : 
Plane Hel to the Axis, and continued till it meet the 
ether ſide of the Cone beyond the Vertex, which is here 
' repreſented by E. 

Let A B begz, EC 104, and DC 63, then if we 
take ſix Ordinates, g 4, 45, i c, 4 d, le, /, every ont 
will beg, taking D C= 63. Thenif A F be continua 
Lill it meet D E, D E will be 41, for EC 104 - D Cg 
=DE 41. Then to find the Latus Rectum F D, i. 
will hold, 

A EF: 7G: : ED: DF. 

From which it is plain, that having the Latus Rectum 
and Latus Tranſverſum E D, theOrdinates in any Hy per- 
bola may be drawn. 

ForwECX DC: O:AC::Ea X D:: (Jag. 

| | Set 
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See the Wark for the Ordinate g 4 = 45 


EC=104 © AC=46 EC = 104—Ca g== 
D C = 63 AC = 46 Ea 95 
3'2 276 2 
624 184 380 
— — 475 
6552 2116 — 


Now ſay, As 6552 : 2116: : 5 


$130 
130; 1555.99 y/ = 40.7 


Note, The firt and ſ:cond Terms are the 


through all the Work. 


After this Manner were other Ordinates found, and 
their Quantities as js heie ſet dows. | 


mM n= 24.1 
1 0 = 37.0 
t 5 = 48.0 
19 = 59.8 
br = 50.6 
Z. 81. 
AB hy 
Now theſe Ordinates bei 
will give the Points g, 5, 1, I, 
arc in the Hyperbola, 


drawn at right Angles to CD, 


1,m,#,0, . $17: 5, which. - 


- — 


—_ 1 — 
— — CE. — — 


i — 


- = a — 
* a mn — 
* = 


—— 3 oo — 
— — CD 


— Ki 
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1 


4 

bf 
* * o 
», 


md 2 ths $2:25-cincle A + B intg the like Number of 
equal Parts, and thro' thoſe Parts in the Semi-circle draw 


166 Of Geometry, 
PRBOLE M XXXVII. 
; Fo delineate 4 Cychoid, or Trochoid. 


DEFINITION. 


The Curve of this Figure is called by Mathematician 
a Tranſcendant Curve, or a Line of an infinite Order, 
and may be beſt conceived to be generated by a Nail in a 
Coach Wheel; for in every Revolution of the Wheel, 
this Curve is deſcribed : And the whole Cycloida) Carve 
Line is equal to 4 Diameters of the generating Circle; 
ant the Area of the Cycloidal Space is equal to \ ou times 
that Circle. | 

Make the Diameter of the Circle A B of what Quantity 
you pleaſe, as ſuppoſe 6o ; then will the Circumfereyce be 
188.4954 (ſee page 148 ) of the ſame Parts ; and half the 
Circumference is 94-2477 3 therefore ſet the Sector to 60 
the Diameter of the Circle, on the Line of Lines, (or on 
any Scale of equal Parts and take off 94.2477, half the 
Circumference of the Circle, and ſet it from B to C and D; 


divide C B into any Number of equal Parti, as ſuppoſe 12, 


Lines parallel io C D, take the Diſtance B E, and ſet from 
2tog, BF fromotor, BG from to, B H from 
n to t, BI from / to , BK ftow 4 to 2, BL from 
jto w, B M from 5 to x, BN from 7 to y, B O from 
F to x, Cc. on each Side the Circle, fo ſhall the Points 


1.7 , , u, , x, ), K, be in che Curve of the Cycloid. 


NL 
6{. p " D 
Yf—— —— — 
. — — 8 


CFF RNB D 


off: For Sir 1/aar Newton found that a Sound moves 968 f 
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If the Cycloid be inverted, and a Body deſcend from 
QR, or 8, by it's own Gravity to A the loweſt Point of 
the Curve; the Times of theſe Deſcents ſhall be equal. 

Tf a Body deſcend from R to S in the Curve RTS 
by it's own Gravity ; the Times of it's Deſcent will be 
leſs than if it went in the ſtraight Line QV S; orleſs 
than if it went in any other Line therefore this is called 
the Line of ſwifteſt Deſcent. | 

If the Curve C A D were cut into two equal Parts in 
the Line A B, and C B D were turn'd upwards and a Pen - 
dulum hung at B, of a length of the Arch A C, counted 
from the Point of Suſpenſion to theCenter of O/ci/lation x 
I ſay that Center of Qſcillatim will deſcribe the Cycloid 
D AC, and all the Vibrations, whether long or ſhort, ſhall 
be performed in the ſametime; for whichReaſon it is called 
the Ihchrenal Curve. © | 

The firft that appl'ed Pendulums to a Movement, was 
the Dutch Man, Mr Chriſtopher Hagen, and ſince Pen- 
dulums are to each ot ier as the Square of their Vibrations, 
and that a Pendulum vibrating Seconds, (or 60 times in a 
Minute) is, by Experience, found to be of the Length of 
39.2 Inches; from hence it is eaſy, according to theſe » 
Principals and Experiments on Pendulums, to eſtimate 
nearly the Depth of a deep Well, by the Fall of a Stone $ W 
from the Mouth into the Water ; Or the Diſtance that any 
Ship at Sea, or that any Fort is off, by the Times between 
ſeeing the Fiaſh of the Powder, and hearing the Report of & 
the Gun, or the Diftance that any Thunder Cloud-is © 


Feet in a Second of Time: So that counting the Second, & 
(that is, the Swings of the Pendulum, whoſe Length is 
9.2 Inches) between ſeeing the Flaſh of Lighnitng and \ 
— the Report, and thoſe multiply'd by 968 the 
Produtt are Feet, which divide by 5280, the Feetin an 
Engliþ Mile, will produce the Miles that the Cloud, 
Fort, &. is diſtant from you, | | 
Also, by the Vibrations of Pendulums, find th: Length 
of any String, Chain, Cc. that has a Weight hanging 
to it, without coming to meaſure it; or with out making 
Uſe of any Quadrant, or ſuch like Inftrument to take 
. Heights. This may be put in Practice in taking the 
Heighth ofChurches, W c. wherein hang Branches 


% 


— — 2 — 2 —— — A— 1p, 2 * 
2 — a. 
— * * = \ 


168 | Of Geometry 
or B:afs Candleſticks, being. faſt ned to the Roof of the 
Church, or Thestre, for if you bang op. a String and 
Plemmet of any known Length, (as ſuppoſe 3 Foot) ard make 
the Candleſtick ind Pendulum begin to (wing both together. 
{which muſt be done by Help of a Correſpondent;) The 
Vibrations that the Candleſtick makes, while your Pendu- 
lum makes any competent Number, will cafily help you to 
the Length of the String Wire, or Chain that holds the 
Candleſtick, and conſequently the Height of the Roof cf 
the Church will be known likewiſe, 


EXAMPLE, 


Suppoſe in the Quire, or Choir of St Pas Cathedral 
London, one of the Candleſticks be made to (wing 12 time 
while your Pendulum of a Yard long makes 96 Vibrations, 
and the Candleſtick hang 8 Foot from the Floor, how 
many Feet is it from the Floor to the Roof ? 


Operation. 


Anſwer 64 Yards =» 192 Feet, 


1 ſhall conclude this Chapter with three Magic 
Squares, | 


% 


* 


* 
= * 
i | 7 
Pg as to 74 — 1 


ee, 
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7 6) 8 10 3 
130 Jes 
3 $ 09 2 7 


8 28 27 11 

23 15 16 20 Sg ell, 14141617, 29,3124.23 
17 21 22 14 1 
26 109 29 9, 


The Firſt Square makes 15 every way, the Second 
makes 18 every way, and the third makes 74 every way. 
The Method of filling all Sorts of Magical Squares with 
the Magick Cubes, may be ſeen at large in the Memoirs 
of the Royal Academy of Sciences, for 1710, page 124, 
by Monſ. Saurier, in his Conjirudion Generale, de: Duarres 
Magiques 


C AHP. III. 


Containing the Men ſuration of all Mannep 
of Super fictes. | 


And firſt of a Circle. 


N Page 148 we have ſhewn that if the Diameter of a 
Circle be Unity, or t, that then the Circumſerence is 
3.141592, ſo that if the Diameter of any Circle be multi- 
ply'd by 3.141592, the Product will be the Circomfe- 

- rence : Or if the Circumference of any Circle be divided 
by 3-141592 the Quotient will be the Diameter. Now 
it is to be obſerved that the Dimenſions may be taken 
either in Inches, Feet, Yards, Poles, Chains, C, and 
that there is often a neceſſity to reduce one Sort of Meaſure 
to another, as when the Dimenſions are taken in Inches, 
the. Area in Lnghes divided by 1444 the Square of 12, gives 
Feet, Cc. 2 * 


LU 
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If the Diameter of a Circle be 1, the Area of that Cir- 
cle will be. 785 398. which is called the Area of Unity: 
Then if Unity be divided by it's Area, the Quotient will 
be 1.273241, ſo that if the Square of the Diameter of 
any Circle be e ba by .785398, or divided by 
1-273241 the Product or Quotient will be the Area of 
that Circle in Square Meaſure, Ser p. 122. 

If 144 be multiply d by 1.273241, the Product will 
be 183.3467, the Diviſor in Circular Meaſure ; By which, 
if the Square of the Diameter of a Circle be divided by 
183.3467, the Quotient is the Area in Feet, | 

The Square Root of 183.3467 is = 13.54, the Gauge 
Point on the Sliding Rule, which is alſo the Diameter of 
a Circle, whoſe Content is 144 Inches, and the Circum- 
ference is = 42.5365- The Cirele is the moſt Capacious 
Figure of all others, for if the Sides of a Square, Triangle, 
or any other Figure be equal to the Circumſerence of a 
Circle, it will not contain ſo much as the Circle doth. 
Suppoſe the Circumference of a Circle be 75.4 it's Area is 
452.4, the Fourth Part of the Circumference is 18.85, 
which ſquared is only 355.3225, that being 97.3775 leis 
than the Circle. And this is the Ground and Foundation 
of the Error of Meaſuring round Timber, by taking Z of 
the Girt for the Side of the Square equal; which fal ſe 
way I think ought no longer to have Place, but to be ba- 
niſhed from the Thoughts and Practice of all thinking Men, 
that have any thing to do with Menſurations. Se ary Royal 
Gauger, p. 61. 


2. To Meaſure a Square... 


© Multiply the Side in itfelf, and the Product is the Super- 

' ficial Content in the ſame Meaſure the Dimenſions were 
taken in, 

| | 3. To Mraſuridan Oblong. 


- Multiply the Length by the Breadth, the Product is the 
Ares, or Superficial Content. 


= ET g q : — + # > 
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4. To Maſure a Rbunbut. 


Multiply the Side by the Perpendicular Heighth, the. 
Produt is the Content. | Inv 


5. To Merſure a Rhumboides. 


Maltiply the Length by the Perpendicular Heighth 
Breadth, and the Product is the Content, | 


6. D Meoſure 4 plain Triangle. __.. 


. Maltiply the Baſe, or Jangeſt Side, by half the Perpen- 
diculer, or the whole Perpendicular by half the Baſe, or 
the whole Beſe by the whole Perpendicular, and half this 

Product is che Content. | 


- ———— —ü¹.— 


7. To Meaſure 4 Tretexium. 


| Mukiply the Diagonal by half the Sum of the 1wo"Pets 
pendiculazs C. Contra, and the Product is the Superticial 


8. 7 0 Meaſure any irrigular Nxurrt * 


Reduce the irregular Figareidis Treperia and Triangles, 
and metfure them as taught in the Gth and 7th hereof. 


9. To Meafire any regalar Polygon : as a Pentagon, Hera 
gon, Heptagon, Octagon, Nomgon, cc. 


Multiply half the Sum of it's Sides into the Radius of 
the Circleinſeribed in the Figure, or half that Radius into 
8 Sum of the Sideg, the Product is the Area or Superficial 

ontent. | R 

Mete, The Radius of a Circle inſcribed in any regular 
Polygon is equal to the Perpendicular of it, let fall from 
the Center to the Side of the Polygon. | 

I ſhall here ſubjoin.a uſeful Table of regular Polygons 
ſhewing the Angles at the Center, Length ofthe Perpendi- 
ear, (or Radius of the Circle inſcriþing it) and Area in 
Square Inches, | 


Names. 


Py - 
— — 


— 


— — — — = —_— be _ = — 
Be. 4A 4 ORD Warts 2 on nth 
= 1 - . 
. 


9 
_ — - 
* - 
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hd 1 Ne Angle Per [Area in 
Names. Sid at Center. pendi- | Square- 
e _ 9 ' {\cular. | Inches, 
Trigon. 3 120 oo Ars 4208 
Tetragon. 4 90 oo . 566|1.co00 
Pentagon. xt; © 72 0 | , 688]. 1.72 
exagon. | 6 60 oo [..866] 2.598 
Heptagon, | 7 [Fi 26 1.038 3.63 
| Oftagon. | 8 45 o 1. 207] 4.82 
Enneagon. 9 40 00 11.374 183 
| Decagon. 10 36 oo 1.539 7.695 
Endecagon. 11 32 44 1. 702 9.361 
Dodecagon - 12 30 00 [1.866] 11.196 


In framing of this Table, the Side of the Polygon is 

ſuppoſed to be 1. And as the Areas of like Figures are as 
Squares of the Sides that bound them; therefore the 

uare of any Side multiply'd by the Area of the Polygon 

in the Table, will give the Area of the Polygon required, 
chat theſe Areas io the Table are common Multiplier: 


10. To Meaſure 4 Spheric Triangle, 

From the Sum of the three Angles ſubſtraR 1809, mul- 
tiply the Superficies of the whole Globe by the Remainder, 
dad divide by 720; the Quotient is the Superficial Content. 
| | 11+ Te Meaſure a Semicircle. 

Multiply + of the whole Circumference of the Circle by 


0 


the Semidiameter, and you have the Area. | 


4 3-144 12. To Meaſure a Quadrant. 


Multiply half the Arch of the Quadrant, by the Radius 
of the Circle, and it gives the Content. 


7. 


— 
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To find the Length of an Arch of any Part of a Cirele: 


1. Find the Circumference of the whole Circle to the 
iven Radius, as has been taught in page. 122, and alſo find 


2 Angle at the „ made by the two Legs of the Sector. 
Then ſay 


If 3605 | age the . N. Pena in Inches, &e, 
what 51 the Angle à enter give. Work by a direct 
Proportion, and what comes out is the Length of the Arch 
Line in Inches, c. or multiply the Chord of half the 
Arch by 8, and from the Product ſubſtract the Chord of 
the whole Segment or Arch, divide the Remainder by 3, 


the Quotient is the whole Length of the wey Line very 
near the Truth. 


13. To Meaſure the Seftor of C Irele: | 


Multiply half the Radius into the Arch, or half bin 


Arch into the Radius, gives the Area. 


14. To Meaſure the Segment of a Circle. 


Of the Segment make a Sector, then tis plain; from the 
Area of the Sector, take the Area of the Triangle, and 


there my remain the Area of the Segment. See Ng. 
e 161 


Or by Ward's New Theorem p. 406. of his Young Mae 


thematician's Guide, 


R = the Radius | 
Viz. ) D == the X between verſed Sine and - 
Let · Radius. 


= Chord of Seg. Baſe. 


27 RR — I Rd 4 4 
Theorem XC r. che Ares o? 


15R +0 
the Segment, 


** Y 


| 
1 
| 


— — — — — — 
= BY Wo— — 
17 * 


% 


274 


To meaſure an Ellipfis. 


| - Moltiply the Tranſverſe by the Conjugate, and that 
Product by the Mea of Unity .785398 gives the Area of 
the Ellipſis in ſquare Inches, or Age to rb your Di- 


* 
go 2:3 10 16. To \Meafore . Pabel. 
; Note, Bvery Parabdla is 2 of it's Cincumdcribing Paral- 


1 
Multäply the greateſt Ordinate or Baſe into the Abſcifla, 
or Heighth, and that Product by 2, and divide by 3, io 


the Superficial — 


f 17.1 To aua, 5 Pelicatder. Se the Fee. in "9G 156. 
T 


Here you may obſerue that this — | ts a Compliez- 
tion of ſeveral Figures, as the Oblong, the Square, Qua- 
drant, Semicircle, Triangle, c. which Figurcs meaſured 
ſeperately, and their Contents added together, gives the 
Content of the Pelicoides, And here for the Information 
uf the Young Student, I ſhall give the Dimenſions of fc- 


vetal: Parts of it. "Thus, Let the 


_ Side of the Square DE be = 21 
Sie of the Oblong FE = 42 
=_ Semidiameter of the Circle = 24 
| Chord B D | = 29. 698 
Circumicrence BCD _ 65.97339 
Quadrant A D == 32:9800g5 


Perpendicular F G 1849 
According to theſe Dimenſions the e Soperficial Content 
of the Parallelogram B DE F is 882 = to the Content of 
the quare ABCD, And the Content of the Semicitcl: 


 EBiC Daz 692.72, 
18. To Meaſure a Lune. See the Fig. in Pag. 157. 


+> Firſt find the Area of every one of the Simicircles, and 


che a of che Triangle B A C, then the Area of the 
Scmicircle 


- 
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Semicircle BA C — Area Triangle BA C = to the two 
Segments in that Semicircle. and the Semicircle A F C 
—— the Segment to the Lune F. Alſo the Semicirc'e 
BEA that Segment = to the Lune E. If we put the 
Sides of the Triangle 24, 32 and 40, the Area of that 
Q will be 384 = to the Area of the two Lunes E and F. 
And the Area of the Semicircle BAC = to the other 
two Semicircles, becauſe they are made upon the three Sides 
of the Triangle ABC= to the Ratio 3, 4, 5, by the 
47th of the iſt of Euclid, 


f 


19. To Meaſure a Lunt in a Quadrant. See the Figure, 
page 157. 


Firſt, Meaſure the Triangle, and alſo the Quadrant, and 
Laſtly, The Semicircle from the Area of the Quadrant, 
iake the Area of the Triangle A, and there remains the 
Area of the Segment B, than from the Area of the Semi- 
circle take the Area of the Segment B, and there remains 
the Area of the Lune C. FE= DE = zo. 


g Quadrant 706.85 8 
Triangle - _ 449.999 
Segment - — 2866.8 

N Area of Semicircle + - 2665 Iz 


Segment ſubtract B < 256.859 
Lune C - - » 449.785 


20. To Meaſure a Cycliid, or Trochoid, 


Find the Area of the. Circle inſcribed in the Cycloid, 
ww —— by 3, and the Product is the Area of the 
y Cold, 


LS 


— — 


. W N 
| CHAP. IV. 


To Meaſure all manner of Solids. 


S 2 Superficies has Length and Breadth, ſo has a 
: Solid Length, Breadth, and Depth, 
: Q 1. 77 


— — F E[— — 


* 
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1. To meaſure a Cube. 


Multiply the Side into itſelf, and that Product by the 
Depth, gives the Content 


2. To meaſure a Parallilogram. 


Multiply the Length, Breadth and Depch, one inte 
another, gives the ſolid Content. . 


3. To meaſure a Triangular Priſm, Ns 


Find the Area of the Triangular Baſe, which multiply 
by the Length, gives the ſolid Content. 


4. To meaſure a Pyramid. 


Tf the Baſe be a Triangle, Square, Pentagon, or any 
ether Polygon, find it's Area accordingly, and multiply 


it by 3 of the Heighth gives the ſolid Content. 
5. To meaſure the Fruflum A 72 yramid, cut parallel to it's 
ä aſe. 


Find the Area of each End, and multiply them together, 
the Square Root of the Product is a m.an Area, which 
add to the other two Arent, and multiply that Sum, by 
J of the Length gives the Content. 


6. To Meaſure a Cone. See the Figure in page 126, 


Find the Area of the Baſe, ard multiply it by 4 of the 
Height gives the ſolid Content. 


7. To Meaſure the Fruſlum of a Cone cut parallel to tht 


Baſe. 


To three times the Rect- angle of the two Diameters, add 
the Square of their Difference. Multiply that Sum by 3 of 
the Length, gives the ſolid Content. Or as in the Fruſtum 


of the _ | 8. 75 


WW 


f 
8. To find the Diameter in any Part of the Fruffum. 


Say, As the whole Length, is to the whole Difference 
of the two Diameters, So is any Length from the greater 
End, To a fourth Number; which ſubtraft from the Di- 
ameter at the greater End gives the Diameter ſought. Or 
you may work by the Diſtance from the -lefler End, and 
add what comes out to the Diameter at the leſſer End, 


gives the ſame thing. 


Or Thirdly, divide the Difference of the two Diameters 
by the Length, and the Quotient is a common Multiplier; 
by which multiply any Length from either End, the Pro- 
duct added to the leſſer, or ſuhtracted from the greater 
Diameter gives the Diameter ſought. 


Toe meaſure a Cylinder. "7 


Figd-the Nia"of the End as a Circle, and multiply it 
by the Length, gives the ſolid Content, If the Dimen- 
fon were taken in Inches, divide the ſolid Content in In- 
ches by 1728, (the cubic Inches in a Foot) and the Quo- 
tient are Feet. 


But more expeditiouſly, divide the Square of the Di- 


ameter by 2200 15872 (that is 1728 multipiied by 
1.273241, /ee page 170) or multiply it by .00045451. the 


{ Quotient or Product is the Area in Feet, which multiply 
by the Length in Inches gives the Content in Feet. 


10. To meaſure a Globe. 


Here are four ſeveral Ways to do this. 

1, Multiply the Diameter by the Circumſerence, gives 
the ſuperficial Content, and that by +; cf the Globe's Dix · 
meter gives the Solidity, 

2. Multiply the Cube of the Globe's Diameter by 11, 
and divide by 21, gives the Solidity near the Truth. 

3. Multiply the Lube of the Globe's Diameter by 
523 598 (that is the ſolid Content of a Globe whoſe Di- 


ameter is Unity) or it is 3 of the Area of Unity 785 398, 


and the Product is the ſolid Content, Or, 


2 ö 4. Divide 
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4. Divide the Cube of the Globe's Diameter by it's 
proper Diviſors — the ſolid Content. 
See the my Koya/ Gauger, page 106, 


10. To meaſure the Segment of a Globe; 

A Piece being cut off leſs than Half the Globe is called 
a Segment- 

Multiply the triple Height of the Segment by the Square 
of half the Chord, to which add the Cube of the verſed 
Sine (or Segment's Height) this Sum multiply by 
523598, and this gives the ſolid Content. : 


11. To meaſure a Froflum of @ Globe. 


A Fruſtum is more than half the Globe; and it is mea- 
ſured as has been taught in the Segment z the Contents of 
which two being added together will give the Content of 
the Globe of which they are Part. | 

Note, If the Diameter of a Globe be 1, then the Cir- 
cum ſerence and ſuperficial Content are equal,viz. 3.141592, 
and if the Diameter be 6, then the Solidity and ſuperficial 
Content are equal, viz. 113.097312. 


12. To geaſure a Spheried. 


Multiply the Square of the Conjugate by the Tranſverſe 
or Length, and that Product by .523598 gives the 
Solidity. | | 


14; To mtaſure a Parabolic Conoid. 


A Parabolic Conoid is equal to ; of it's circumſcribing/ 
Cylinder. | 
"Multiply the Square of the Diameter of the Baſe by the 
Height, and that Product by. 302698 (that is 4 of. 523598) 
and that Product is the Content. 


14. To meaſure 4 Hyperbolic Comid, 
A Hyperbolic Conoid is r of it's circumſeribing Cy lin- 


der. Therefore to find a Diviſor for Feet, ſay, 265: 12 
or u 1: 2.4: ey 58: $820,379» Muttphy 
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 Moultiply the Square of the Diameter at the Baſe by the 
Height, and divide by 5820 3:92 gives the ſolid Conten 
in Feet. 


15. To meaſure a Parabolic Spindle. 


This is £. of it's circumſcribing Cylinder, 

As 8:15 :: 1: 1.875. And, 

As 1: 1.875: : 2200. 15872: 4125. 2976. 

Multiply the Square of the conjugate Diameter by the 


Trenſverſe, and divide by 4125-2976 gives the Content in 
Feet, 


16. I ſhall conclude this Part with two uſe fal and pleaſant 
Propoſitions, the one in Statuary, and the other in Staticks; 
that is, 1. how to give the exact Height of a Statue placed 
on a Building, that the ſame ſhall appear equal to the com- 
mon Height of a Man ſtanding on the Ground, 


EXAMPLE, 


Sappoſe ſtanding at A, R;C be a Statue 6 Foot high, and 
is to be raiſed to D 200 Fit (more or leſs) high, how big 


_ the Statue be made, to appear 6 Foot when it is placed 
at DU, 


— 


Q 3 1 Solution, 
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$olut on. 


Open the Compaſſes to any convenient Radius, ſet one 
Foot in A, draw the Arch FI, and draw A C, and A D, 
now here is no more to be dene but to make the Angle 
IAH= Angle G AF, becauſe all Objects that we ſee, 
appear under a certain Angle, in proportion to the Diſtance 
of the Object from the Eye: Therefore take F G and ct 
from H to I, and draw AIE ſo will DE appear to an 
Eye at A of the ſame height with BC: Then from the 

ſame Scale that BC is 6 Foot, meaſure DE, and What 
you 


R 0 > -o @ 


TG - 
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you find that height on the Scale, ſo many Feet you 
mult make the Statue to appear 6 Foot when elevated 2co 
Feet, c. above the Level of the Eye, 

2. For a Concluſion of this Chapter, I ſhall here ſhew 
how any quantity of any ſort of Goods under 121 Pounds 
may be Weigh'd with 5 Weights only: The Weights are 
theſe 1, 3, 9, 27, 81, being in a geometrical Pro- 
portion. L 
The following table ſhews at firſt Sight how to uſe the 
Weights, as to Weigh any Number of Pounds under 
121. The Table has nine Colamns, the firſt, fourth and 
ſeventh Columns under N, contains the Number of Pounds 
of any Commodity to be weighed ; the Column A, con- 
tains the Weights to be put into the Weighing Scale ; the 
Column B, contains the Weights to be put into the Scale 
where the Goods are to be weighed, and by this means 
of changing and Placing the Weights as the Table direQs, 
you may always have an Equilibrium, or the true Weight 
of the Comodity you intend to weigh. 


EXAMPLE, 


Suppoſe I would Way 52 Pounds; 

Look into the Table under N for 58, and right againſt 
it in the Column A you will find the Weights 81, 3, 1, 
which together make 85 ; right againſt theſe in the Column 
B is the Weight 27, which you are to place in the other 
Scale; Now 85—27==58, fo that if in the Scale B to 
the Weight 27, you put any Commodity *till there be an 
Equilibrium, you will truly weigh 58 Pounds, 

Secondly, If you would weigh 100 Pound, you muſt 
have 81, 27, 1 =109, and 9 in the other Lee, for 
109—9 100, &fc, 


The Weighing Table. 
B NI A I 477 A BY 


4181. 9. 
42 1. | . * 
[#3 81.1 9. 
1. . 
3.1 48887. <> ; 


©S © 5s 
- WW uw 


RY WWW 


9 
3. 681.1 27.9 
* [#7 81.3 7.9.1 
» 1148181.3 7.9 
7-9 
221 
7˙3 
743 
7.1 


"|| 716]31.9.27 © 
11 1.2.9.1 5 
1198 1.27. 9.3 (I 
1208 1. 27.9.3 
1218 1.27. 9.31 
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CHAP. V. 
Of the ECT OR. 


HE Sector being an Inſtrument of ſuch univerſal 
Uſe, that to paſs it by with Silence were a Crime 
too great to be pardoned: Many learned Men have 
wrote upon the Uſe of the Sector, as Gunter, Forfler, 
Srone, Cunn, &c, to which I refer the inquiſitive Reader 
for general Satisfaction, and ſhall content myſelf only to 
ſhew the Uſe of ſuch Lines as are now put upon the eSftor 
in laying down or meaſuring Angles, in multiplying 
Dividing, and making Proportions. | 
Upon one Face of the Sector, there is generally a Line 
of Chords to 60 iſſuing from the Center to the End of 


each Leg, with a Line of io equal Parts decimally divided, 


iſſuing from the Center, and extends itſelf to the End of 
each Leg; by which Means this Line igdivided into 100 
equal Parts, and Numbered with 1, 2, 3, 4, &c. to 10, 
and Marked at the End with Lin for Line, ſo tis known 
by the Name of the Line of Lines. 

Betwen the Line'of Chords and the Line of Lines, 


is placed a ſmall Line of Secants, begining at two braſs 


Centers at (or near) 25 of the Line of Lines and ending 
near the Ends of the Sector, where is wrote Se. fignify- 
ing Secant, There is alſo a Line of Latitudes anſwer- 
ing a Line of Chords of the ſame Radius upon the Foot 
Sector, with = line of Regular Polygons, and ſometimes a 
a Meridian Line for projecting Mercators Chart. 

On the other Face of the Sector, is a Line of Sines 
iſſuing from the Center upon each Leg, numbered with 
10, 20, 30 Cc. to go at the End of the Sector; alſo 
a Line of Tangents to 45, Numbered with 10, 20, 30, 
40, 45 at the End. . 
Between the Line of Sines and Tangents on each Leg 
is a ſmall Line of Tangents beginning with 9 braſs 

- ten, 
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Centers, and Ne. with 45, go, 60, 70, 75 near th 
End, marked with Tan, 6 8 55 e 

On this Face is aiſo a Line of Inelination. fitted to a 
Scale of fix Hours, theſe with the Chords and Line of 
Latitude on the other Face, are uſeful in Dialling ; how 
theſe Lines are made, with their Uſe, 1 have fully ex- 
plain'd in my Mechanic Dialling, which ſee, 

There is likewiſe « Line of Numbers, commonly called 
Gunter's Line, with the artificial Sines and Tangents, (for 
the firſt mentioned Lines, are natural Sines and Tangents) 
with a Line of Inch Meaſure, or a Foot divided into 12 
equal Parts decimally divided; how the Line of Num- 
bers is made, ſer. my Roya/ Gauger, where you will meet 


| 


| 2 is c 5 B 
3 


EY 


. 
l 


The Figure of the Sector is well repreſented by the Iſo- 


ſceles Triangle A, BC. Here the Point A is the Joynt 
or Center ot the Sector to which all the ſectoral Lines are 


drawn, and they are all of an equal Length as A B. A C, 


- and thoſe that bear the ſame Name, are equal and alike di- 


vided and numbered. And therefore in all the Operations 


wrought by the ſectoral Lines, the Points BC, DE, 


FG, HI, repreſenting the ſame Diviſions, are equally 
diſtant from the Center A, the ſame is true of any other 
two Points in the ſeftoral Lines AB AC, Cc. when x: 4 
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be equal Parts, Chord, Sines, Tangents or Secants* 
And therefore as AC:CB::AE:ED, and as A E is 
to E D;: ſo is A G to G F and ſo is A I to IH. e. 
See Prob. IX. page 145 Euclid 2, and 4 of the Vith Book; 

Note, The Lengths A B, A C, AD, AE, AF, 
AG, AI, are called Laterals, or Crurals, becauſe they 
lye or are meaſured in the Legs of the Sector. 

And the Lies BC, DE, F G, HI, are called Paral- 
lels, becauſe all” the Proportions-wrought by the Sectorals, 
the two Extreams between the Legs, will be two ſuch 
Parallel Lines, 

If A C on the Line of Lines meaſure 69 equal Parts, 
and ſo A B likewiſe; then is A Cand A B aid to be 60 
Crural Parts, and B C45 parallel Parts: And fo of the 
Sines, Tangents, and Secants. 

Here is one Thing more to be obſerved before we come 
to the Uſe of the Lines, and that is ſometimes a Num- 
ber falls ſo near the Center of the Sector, that it cannot 
well be taken off,” or meaſured ; to remedy this, multiply 
it by any convenient Number at Pleaſure, and take that 
ProduR inſtead of the Number itſelf. | 

As ſuppoſe B C were 5 = Parts nuw that, with other 
in proportion, are to be laid down by the Sector, if I 
take B Cin my Compaſſes and apply it parallel to , 5 
on the Line of Lines, it will be too long for the Sector, 
therefore I multiply it by 12 (or any other Number) and 
the Product is 60, then take the Line B C and apply it 
parallel to 60, 60. and now all other Lines depending will 
be in a juſt Proportion, the ſame as if I had laid down 
the Number To 

Again, Suppoſe I have a Line whoſe Length exceeds 
100, or the whole length of the Line ; to remedy this 
Inconveniency, Divide your given Line by 2, 3, 4 (for 
any other convenient Number at pleaſure) ard apply the 
Quotient of the given Line, in of the Line itſelf, 
and by this Means you will bring the Line upon the Sec- 
tor, which otherways it would not. Suppoſe I have a 
Line of 118/ 120// to lay down by the Sector, I divide 
it by 2, and it gives 59' 6'/, then take half of the given 
Line, and apply it parallel to 59 6'', and now the 

Sector 


186 Of Geometry. 


Sector ſtands true all one as if I had a Line of 118 1," 
+ equal Parts, your own Reaſon with alittle Practice will 


ſoon make Maſter. 
2. The Uſe of the Sector. 


1. To open the SeQor that the Line of Lines may ſtand 
to a Right, or to an Angle of 7 Degrees. Take the Whole 
Lateral Length of the Line of Lines 10, in your Com- 
24 and ſet one Foot in 6 and the other in 8, in the 

ine of Lines, and then they will be opened to a right 
Angle, becauſe © 8+ © 6 = 100. = D 10, by 47 of 
the 1ſt of Euclia, for now you have a right angled Tri. 
angle of 6, 8, and 10 Sides = 3, 4, 5. See page 134. 

2. The Line of Lines may be opencd to a right Angle, 
if the Lateral Sine of go“ be apply'd over parallel, be- 
tween 45 and 45 on the Sines, or if the Lateral Sine of 45 
be apply'd parallel over the Sire 30, 30. 

3. The Line of Chords may be opened to any particu- 
lar Angle, by taking out the Lateral Chord of the Angle 
required, and applying it over the Parallel of 60® 60, and 
then thoſe Lines will ſtand open at the Anyle required. 


EXAMPLE, 


Suppoſe I would open the Line of Chords to an Angle 
of 30 ? 

Take the Lateral Chord of 78 and epply it parallel over 
60, 60, and then the Line of Chords do ſtand open at an 
Angle of zo Degrees, 

If the Sector be opened to any Angle at venture, to 
find the Quantity of the Angle the Lines of Chords then 
make. | | 
This is but the Converſe of the laſt, for take the parallel 
Chord of 60, and Meaſure it on the Lateral Chord, and 
that gives you the Angle ſought. Obſerve the ſame of the 
Line of Sines, by conſidering that the Sine is half the 
Chord of the double Arch. Sze the Figure, page 123, where 
A G is the Chord of the Arch AIG, and AH = H G, 
it's half, being the Sine of the Arch I G. 

Suppoſe it were required to open the Sector in the Line 


of Sines to an Angle of 40? 
| Take 
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Take out the Lateral Chord of 40, and apply it parallel 
over 60, 60, ſo ſhall the Line of Sines be opened to an 
Angle of 40 Degrees. 

r if the Semiradius, as the Sector now- ſtands to an 


Angle of 40, (that is, divide the Lateral Chord of the | 


given Angle into tv o equal Parts) be applied over, paral- 
lel between zo, 30, on the Sines, it will open the Lins 
of ines to the given Angle. Thus, In the 'aſt Example 
where it was required to open the Lines cf Sines to an 
Angle of 40, divide the Lateral Chord of 40. into two 
equal Parts, and lay that Extent pe rallel over 30, 30, on 
the Sine*, and then will the Lines of Sines be opened to an 
Angle of 40. 

Note, It is one Thing to open the Edge of the Sector 
to an Angle, and ancther Thing to open the Lines on the 


Sector to the ſame Angle: For when the Sector is cloſe | 


ſhut, the Edges of it make no Angle, but the Lines of 
Lines, Sines, Tangents, and S:cants, make -an Angle ,of 
about 60 Degrees. 

5. If jou would examine the Lines of Chords, Sines, 


Tangents, and Secants, whether they be truly made, pro- 


jet them from a Circle of the ſame Radius, Se Difs- 
nitions 

Often the Sectoral Lines (Sines) not the Legs of the 
Sector, and take the Sine 10, 10 in your Comp: fle; on each 
Leg in a ſtraight Line, carry this Extent to che Line of 
Chorcs, ſer one Foot in the Center, and the other Foot 
will exactly reach to the Chord 20® becauſe every Sine 
is half the Chord of the double Arch, as has been natcd 
above; the fame obſerve of any other Degree. 


6. To lay down an Angle of any Qua: iy of Degrers, 


This may be perform'd, either by the Line of Chords, 
Sines, Tangents, or Secants, due Regard beiag had to each 
particular Line. | | 
1. By the Chords, in the annexed Figure, take the 
Radius C B in your Cc mpaſſes, and therewtth ſweep the 
Circle K I B L, make this Radius a Parallel of fo on the 
Seftcral Cho ds, then take the parallel Chon of 45 tre 
the Sector and {ct it ſrom Bñ̃ to E and draw C E A, ns 
B A, ſo ſhall the Angle A CB be = 45?, of which BE 
is the Chord, B A is the Tangent, G E the >ine, and 
C A the Secant of the 1 2 B E, which meaſure, the 


Angle 
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wn in both. 


2 Mean Proportiona] between the Tangent of an Arch, 


* 


elo the Tangent Complement of the ſ me Arch. then 


? 


g 
j 


n 


Which BF is the Chord, B D the Tangent, F H the Sine, 
e D the Secant; and H B the Verſed Sine of Arch BE F, 
or Angle DCB. 2. And now as the Sector ſtands opened to 


and apply it parallel on the Scctoral Tangent, and you will 
find it juſt reach to 459. 3. Take the Sine E G in your 


Compaſſes and apply it parallel on the Sectoral Sines, ard 
vou will find ãt reach juſt to 45, The Chord B E will be 


'M Parallel on the Sectoral Secants to be 452, And thus you 


their reſpective Lines as above directed to te 699 = to the 
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Angle ACB, Again take the Radius of the Circle C B, 
und make'ita parallel Radius upon the Sectoral Chord 6a, 
60, alſo draw B F, and C F PD, ſo ſhall the Angle DCB, 
be 60 Degrees, which is meafur'd by the Arch B E F, of 


«the Radius CB, take the Tangent B A in your Compaſſes, 


2a Parallel of 45 on the Sectoral Chords. 4. But for the 
geeant CA, becauſe it is Part of the Radius CE the Sector 
muſt always be opened to two Braſs Centers which lie near 
the * of the Sector, and that made equal to the Radius 
of the Circle, and then you will find C A taken and made 


will find all the Parts of the Triangle D C B meaſured on 


Angle DCB. So that you ſee the Meaſuring an Angle is 
only the Converſe of laying down an Angle, a has been 


And here you are to Note, That the Radius, or Sine c 
= CI is always equal to the Chord of 60 = B FP, and 
= Tangent 45 BA, That is, the Sine of 90, the Chord 
of 60, and Tangent of 45 are always equal in the ſane 
Cirele as above has been proved. And that the Radius i 


and the Tangent Complement of the ſame Arch : As (up. 


ſe in Fig, 2. Page 139, you make A BB D the 
angent of the Arch B EF in this Figure above, and BC 


will the Geometrical Mean B D in Fig. 2, page 139, be 
= EI the Radius of this Circle, and ſo of any 22 
| | | | . E. 
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7 


( 
A Synopfis of the Scheme above: 


BF =, Chord. 

FH | Sine. 

is the Tangent. 
Secant, 


9 Verſed Sine. 
Chord. 


Sine⸗ 
is the e Tangent. 

Secant; 

Verſed Sine, 5 
ius and Co- Sine. 
bak 7. To 


Of the Arch BEF 
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7. To multiply on the Setter. 
The R UL E on the Line of Linti. 


A 1 js to either Factor laterally, and ſet to 10, 10 Pa- 
railel, So is the other Fagor taken off parallel with your 
Compaſlles, To the Product laterally. 


EXAMPLE: 
What'is the Product of 4 by 7 ? 
Oper ation: 


Take 7 in wm Compaſſes from the Center of the Sector 
laterally, and lay it parallel over 10, 10, as the S:ctor now 
ſtande, rake off 4, 4, parallel, and carry this Extent of the 
Compaſles laterally, and the other Point will reach to 28, 

the Froduct fought, 

Or take off 4 laterally, and lay it parallel on 10, 10, 
then take off 7 parallel, and apply it laterally, will give 
28 1 This being ſo plain more Examples ate 
needie 


”- 


8. To divide on the Sector. 
RULE onthe Line of Lines. 


As the Dividend laterally, Is to the Diviſor parallel, So 
is the Parallel 10, 10, To the Quotient. 


| EXAMPLE. 
What's the Quotient of 28 divided by 4 ? 


1 Opera ion. 


Take 28 the Dividend off laterally in your Compaſſes 
from the Center of the Sector, and apply it 1 to the 
Diviſor 4, 4. then take off 10, 10, parallel, and it will 
r ach from the Center of the Sector laterally to 7, the 
Quotient fought, | 1 

[4 


- — 
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Note, If the lateral Diſtance be too long for the o en- 
ing of the Sector, then take one Half, one Fourth, Gl. or 
multiply them by 2, 3, 4 Cc. of it at Pleaſure; then 
Work as above, Suppoſe I would divide 120 by 4 ? Now 
120 falls ſo near the Center of the Sector, the Diviſions are 
ſcarce perceptible, therefore to have the Number to fall 
upon the Line, I multiply both Dividend and Diviſor by 2, 
and then they are 240 and 8, with theſe Work as above is 
taught, and the Quotient will be 30, the ſame as if you 
had divided 120 by 4. 


9. The Single Rule of Three on the Sefor« 
RULE on the Line of Lints, : 
Firſt obſerve, that the Queſtion muſt be Stated as has 
been taught in Chap. iv. page 34. Then, 
As the lateral Middle Term, Is to the Parallel firſt Term, 
So is the Parallel third Term, To the lateral fourth Term. 
EXAMPLE. 


Suppoſe 7 Yards of Cloth coſt 22 5, what will 35 Yards 
colt at that Rate ? . 


Opt ration. 


Take 22 laterally and lay it parallel over 7, 7, then take 
the Parallel 35 and apply it laterally will give 1105. and io 


much doth the 35 Yards come to at the given Price: 


Theſe Things I mention more for Curioſity than Uſe, 
which is only to ſhew hat may be done by this uſeful In- 
ſtrument ; but thoſe that are curious in Proportion, I re- 
* * to my Royal Gauger for the Uſe of the Sliding 

ule. 

Here is yet one Beauty of this Line of Lines, viz. chat 
it is a*Scale of equal Parts of all Lengths ; and is therefore 
preſerable to any Scale where the Diviſions are only one 
particular Length, 


R 3 EXAMPLE. 
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Suppoſe I would ſorm'a-Scale of 1 Foot 6. Inches, that 
may repreſent 124, 28 Yards, 

Here I cannot open the Sector wide enough to receive 1 
Foot: therefore I multiply both by any Number, ſuppoſe 4, 
and there will be produced 6 Feet and 497.12 Yards, then 
I divide all by 6, and I have 1 Foot and 82.35 Yates ; 
therefore opening the Sector till one Foot reaches from 82.8; 
to 82.85 parallel on the other Leg, it will be a Scale of 
100 Yards of the Bigneſs required: The Lines of Po'ygons 
are very near the inner Edge of the Sector, at the End 
ſtand the Figure 6, and the other ſmall punch'd Holes in it 
are number'd with 7, 8, 9, 10, 11, 12 towards the Center, 


To inſcribe a regular Polygon of any Number of Sides in tt: 
1 10 - given Circle. | 


Open the Sector to the Radius of the given Circle, and 
as the Sector now ſtands take the Side of the given Poly- 
gon; i if tis a Pentagon take 5 off paral'e), if a Hexa- 
gon lake 6, if a Heptagon take 7, e. and lay that Ex- 
tent of your Compaſſes upon the given Circle, and it will 
inſcribe your Polygon required. In page 172, I have given: 
Table of regular Po'ygons, with the Quantity of the Angle 
at the Center of each; by which you may lay down any 
of them, for there be ſome Sectors that have not the 
Polygons on them; thereſo:e, as before, fet the Seftoral 
Chord of 60 to the Rad us- of the given, in which you 
would inſcribe.the Polygon, ard with your Compaſſes t ke 


off the parallel Chord of the Angle at the Center of the 


given Polygon, (as in the Table, page 172) and tis done. 
In page 139 we have promiſed to ſhew how that Figure 
is laid down by the Sector. which i, thus ; take the given 
Line A B= 34 in your Compaſſes and lay i: off parallel 
to 54, 54 on the Line of Lines on the Sector, then take 
the Line A E in your Compaſſes, and apply it parallel on 
me Line of Lines on the Sector, and you will find it to be 
23.5, 2nd E B you will find by the ſame way of work- 
Ing to be 20.3; Aﬀter this Manner are the Lines in any 
Figure either meaſured or lad down. As for the other 
Settoral Lines, their Uſe ſhall be ſhewn in the next Chapter 


hen we come to treat of Trigimometry, 


CHAP, 


PA 
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CHAP, VI: 
Of Plain Trigonometry. 


DEFINITION. 


RIGONOMETRY i the Art of Meaſuring 
Triangles, or of ca'culating the Sides or finding the 
Angles of any Triangle ſought ; and this is either Plain, 
or Spherical ; of which [I ſhall ſpeak diſtinctly; and firſt | 
of the Plain. | 1 

The Art of Trigonometry doth much depend on the | 
Knowledge of the Lines in the Figure p ge 189, which 
the Learner muſt carefully obſerve to underſtand well, and 
then he may proceed. ) 

Firſt then, in that Figure page 189, it is plain, that as the 
Co-Sine is to the Sine, ſo is Radius to the Tangent. That 
is, As NF; HF: : CB: BD. | 

2. As Radius is to the Sine, ſo is the Secant to the Tan- 
gent. Thatis, As CF: FH:: CD: BD. | 

3. As the Sine is to Radius, ſo is Radius to the Co- 
Secant. That is, As FH:; FC: FC: CO. 

4+ As the Tangent is to Radius, ſo is Radius to 
the Co-Tangent. That is, As BD: CB::; CB: 10. 

Therefore the Rectangle between the Tangent and Co- 
R of any Arch is equal to the Square of the Ra- 

ius. 

5. Every Triangle hath ſix Parts, of which three are 
Sides, and three Angles; and of theſe, if we have three 
given we can find the reſt, (except in the Ca'e where the 
three Angles of a plain Triangle are only given) For from - 
thence the Sides cannot be found becauſe two Triang'es 
may be equi-angular, and yet have the Sides by no means of 


the ſame Length, © We can find the reſt, I ſay, if ſuppo- 
| 58 
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fing the Radius divided into any Number of equal Parts, 
we can but diſcover how many ſuch Parts, any Sine, Tan- 
gent, or Secant of any Arch or Angle doth contain, 

ow this is readily done to. our Hands, in the Tables of 
Sines, Tangents, and Sec⸗nts, which we have with prodi- 
gious Induſtry in Books (of which Sherwir's is the belt) 
ready calculated (to our Hands) for this Purpoſe. 

6. When therefore any Triangle is given to be reſolved, 
the firſt Thing we have to do, is to conſider, That there is 
in the Table of Logarithms, Sines, Tangents, and Secants, 
a Triangle exactly Similar, and equal to that we are re- 
quired to ſolve, and whoſe Sides are to one another in the 
very ſame Proportion of thoſe of the Triangles propoſed. 

7. We muſt underſtand whatever Ratio one Side of the 
Triangle given, hath to the other Sides about the ſame 
Angle, confidered as Lergths eſtimated or number'd by 
any known Meaſure, as ſuppoſe Inches, Yards, Miles, 

Leagues, c. the very ſame hath the two Sides about the 
" ſame Angle in the Triangles in the Tables of Logarithme, 
Or. which two Things well underſtood, do lead us into 
the Whole Myſtery of Trigonometrical Calculation. 

8. There is one general Axiom which ſolves all the Caſcs 
in plain Trigonometry, —_ is this; 

n a right-angled plain Triangle, if any of the Side: 
be put, or ſuppoſed the Radius, Whole Sine or Semi- 
diameter of a Circle, then the other two ſhall be as Sines, 
Tangens, or Secants, as by them repreſented. | 

And the ſame Proportion that the Sides put for Radius, 
has to Radius, the ſame hath the other Sides to the Sine 
Tangent, or Secant, by them repreſented, 
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1. If Hypochenuſe be made the Radius of a Circle, 
every Side Þ proportionable to the Sine of it's oppoſite 


* 


f 

; 
5 
SO 


Angle, For ſetting one Foot of the Compaſſes in Av» 
extend the other to C, and draw the Arch C D, (which 
you may ſappoſe to be a perfect Circle of which 
A C is the Semidiameter, or Radius) Now 'cis plain from 
the Figure page 189, that C B, the Baſe, is the Sine of the 
Arch C D, andthe Arch C D meaſuresthe Angle C A B, 
CO the Baſe C B is the Sine of the Angle at A. 
Again, make C the Center of a Circle, and with the Ra- 
dius C A draw the Arch AE, here the Arch AE mea- 
ſures the Angle A C B, and becauſe A B is the Sine of 
the Arch A E, therefore A B the Ca/hetus, or Perpendi- 
cular is alſo the Sine of the Angle at the Baſe, vis. 
Angle C. | 
For hence it is evident, That every Side is the Sine of its 
oppolite Angle, and ſo will always hold, as Radius or 
dine of the Angle B is to A C, the Side made Radius, ſo is 
the Sine of the Angle A. to AB the Baſe, and ſo is the 
Sine of the Angle C to A B the Perpendicular, & Contra. 
Secondly, Set one Foot of your Com in A, and 
extend the other to B, now is A B made Radius. or Semi- 
diameter of a Circle, with which draw the Arch B D, 
which is ſufficient tor our preſent Purpoſe, as well as if 
we had drawn the Whole Circle ; now the Arch B D mea- 
ſyres the Angle at A, and 'tis plain CB is the * 
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of the Arch DB, therefore C B is alſo the Tangent of the 
Angle at A. and C A is the Secant of the ſame Angle, now 
it will hold as Radius, or Sine of 99 is to A B (which 
is now made Radius) ſo is the Tangent of the Angle A to Þ 

CB, and ſo is the Secant of the Angle A t C A. Ora Þ 
AB is to Radius, ſo is C B to the Tangant of the Angle 
A, and ſo is C A to the Secant of the Angle A. 


Fig. 2 A 


1 


Diraly, Set one Foot of the Compaſſes in C, and extend 
the other to B, and with that Extent draw a Circle, or the 
Arch D B will do, now the Arch B D meaſures the 
* at C, and BA is the Tangent of the ſame Arch, 
eon equeatly B A is the Tangent of the Angle C. Now 
it will hold, As the Radius, Sine of go, is to C B (now Rx 
dius) ſo is the Tangent of the Angle C to the Perpendicu. 
lar B A; and ſo is the Secant of the Angle C to the Hy- 
— gear as the Baſe C Bis to _ e ſo * 
erpendic to the Tangent of ngle at the 
Baſe, viz. the Angle A CB, N 
Note, When we expreſi an Angle by three Letters, the 
middle Letter always denotes the Angle. 1 


Of Plain Trigonometry, 197 


Fig. 5... 
55 


B 


And as in the Rule of Three in common Numbers, ſo 
here you muſt obſerve, That the Firſt and Third Terms be 
Things of one Name, and likewiſe the Second and Fourth 
Terms muſt be of one Name; that is, If the Firſt be a 
Side, the Third Term mut be a Side, and the Second 
and Fourth Terms. will be Ang'es ; but if the firſt Term 
be an Angle, the Second and Fourth will be Sides : 
And when you icek an Angle begin with a Side, but 
when you ſeek a Side begin with an Angle. For the Sum 
of the Logarithms of the Second and Third Terms, take 
the Lagarithm of the Firſt Term, and the Remainder is 
the Logarithm -of the Fourth Term, or Anſwer. But 
when the Radius comes not in the Proportion, (as it will not 
in oblique Triangles) take the Complement Arithmetical of 
the Logarithm of the Firſt Term, and add them all inte 
one Sum. (always tejecting Radius) gives the Logirithma 
of the Fourth Term, or Anſwer. The Complement 
Arithmetical is ſound by ſub:rafting each Figure of the 
Logarithm ſeverally from q. but the Unities Place fron 10, 
and the Rem inder is the Content Aruhmecical of the 
Logarithm ſought, | 


EXAMPLE: { 
What's the Comp], Arichmetieal of the Sine of 20% 20 


See 


See the Work. 


From - 83 © "obo N | 
Take the Logar. Sine of 20*® 20 2 pp 4 


What's the Co. Arith. of the Logaithm of £o ? 


From = X 
Take the Logarithm of fo - 17731512 


— — 


Co. Arith. of the Logarithm 6 is = 8 2248433 


Mie, The Complement Arithmetical of a Tangent, © 


Tangent Complement, is the Tangent Comp'ement o 
that Tangent, or the Tangent of that Targent Comple 1 


men', f 
EXAMPLE. 
What's the Com. Arit. of the Logarithmet'cal Tangent 
of 200 20'? 
See the Wart. 


Logarithme ical: Tangent 20% 20! is = 9 5£8871; 


Tangent Ccmpl. or Co. Arith, — 10 431125; 
And Co. Ar. of the Tangent of 69 40 — 9 5588760 


The like obſerve of any other. 

If you work with Tables wherein there is no Logai il. 
metical Sccants, that defect may readily be ſur plied by ſub- 
tracting the (o- Sine out cf the double of the Radius, th: 
Remainder is the Secant of that Arch, or Angle, whe 
Co-Sine you mace Uſe of in the Work. 


EXAMPLE. 


at * ©: | 
hat's the Loguithmetical Secant of 20 20˙ 


= 


Ofer ation 


- + 90999909 
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Operation. 


Double of the Radius = 20.00c0200 
Co-ſine of 20120) = y9g.g720579 
Secant of 20 20 = 10.9279421 


By what goeth before, it appears that the Secant and 
\Co-fine of any Arch, are the Complement one of the o- 
ther to the double Radius of artificial Numbers, ſo that if 
one be given, the other is alſo known. 

The verſed Sine may be found by adding .3010300 
unto the double of the Sine of half the Arch, and reject- 
ing Radius, gives the verſed Sine ſought. 


| EXAMPLE. \ 
What's the verſed Sine of 20% 20! ? 


© 3 0 


3 Þ 
of 


05 Firſt ſet down +» _ + 3010300 
Half of 20 20/ 10 10 it's Sine 9. 2467746 
The ſame again - - 9.2467746 


The verſed Sine of 20% zo! =, 8.7945792 


de find the Logarithm of any Number under 101 ooo. 


The largeſt and beſt Tables of Logarithms now in be. 
ing, are thole known by the Name of Sherwin's Tables; 
& which I adviſe all Students in the Mathematics to make 
© ule.of, as being the largeſt and moſt correct. 


14; Firſt then, It is to be obſerved, that the Characteriſtic 


14; WE or Index is always leſs by one than the Numher of Places 
% the abſolute Number, and that all Numbers with their 
Logarithms under 1000, are found in each Column an- 
1h, WS 1wcring each Number, and fo you will find the Log. 
ſub. 
th 1 O. COOOOOO 
le *&\. 0.3010309 
he of to be 8 
4), 0.6020600 
f nl and 


atioh 
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10 8 
20 ) 1 3010300 
And BOL 9 1.471212 


40 1.60296c0 


Here you ſee that the Logarithm of 1 and of 10 is he 
fame, only changing the Index as was noted above. 


To find the Logarithm of any, Number, from 1000 to 
101000, 3 


If your given Number has only four Places, the Loga. 
rithm is in the next Column under o, by placing it's pro- 
per Index 3. If the Number has five Places, as ſuppoſe 
11814, find 1181 in the firſt Column, and 4 at the Top; 
and in the common Angle is .0723972, to which prefix 
it's Index 4, and the Logarithm of 11814 will be 

0723970 3 after this Manner may the Logarithm of a 
p far in. or mixt Number be found, as is made manifci 
by theſe Examplts. 


Numb. Logar- 


1187.4 3 0723970 
118.14 2 0723970 
11.814 1.0723970 
1.1814 0. 0723970 


11814 : 0723970 
011844 2 0723970 


If you would know the Logarithm gf 27155 · ſet it dow: 
as whole, thus, 27. 1, and look for the Logarithm thereof, 
all one as if it were whole, only put one for the Index, 
and tis done ; ſo I find the Logarithm of 27.1 to be 
I 4329993: 

f you would have the Logarithm of a vulgar mix 
Number, as ſuppole 271 
Reduce it into an improper Fraftion, and ſubtract the 
Logarithm of the Denominator, from the Logari hm of 
= -_— 55, and the Remaincer is the Logarithm 
ought. 


Operatic 


44 ©. XX» .m wc. x 
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Operation. 
Namerator - 55 Logarthm 1. 7403627 
Denominator - 2 Logarithm o. 300300 
Logarithm of 274 1s = 1.4393327 
After the ſame Manner I find the Logarithm 
| (+ 0.60:0{00 
of » 9 to be 5756 | 
t 3 O.1 249387 » 


See my Compleat Syſlem of Al'ronomy, Page 287, (now” 


Page 30; ) for further Satisfaction. 

n inding a Sine or a Tangent, if your Degree be un- 
der 45 you muſt ſcek it on the Head of the Table, and 
the Minute in the firſt Column on the left, down to- 60 
but when your Pegree is more than 45, you muſt-have 
it at the Bottom of the Table, and the Minutes on the 


ri, ht Hand aſcending to 60“. 


Let it be required to find he Logarithm, Sine, and 


Tangent of 29 45'? 


Sine = 9.6956712, Tangent = 97570520, with 


their Differences 2210 and 2932 ; by the Help of theſe 


Diffe:ences we find the Secants anſwering any Quantity 


of Secants under 60, thus, 


Suppoſe I wanted the Sine of 299. 45. 38”, you muſt - 


always ſay, 
If 60: 2210 Dif. : 38 


S 2 | Ts 


the following Cales we ſhall perform the ſame. 
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To the Sire of 299 45! _— 96956712 
Add the proportional Part 05 1 3997 
Logarithm Sine of 2945 38! = 9.69581115 
The'like obſerve for Tangents to any Quantity of Se- 
cants. N 
But if you have a Logarithm. Sine, Tangent, or Secant, 
and want the Arch or Angle anſwering thereto, it is bu: 
the Converſe of the former Operation ; for ſuppoſe the 
Sine were 9.695811, and the Angle anſwering requit'd ? 


See the Work. 
Given Sine = — 9.695111 
Neareſt leſs Sine 290 45! = 9g.<956712 
Diference = | 1399 
. Now ſay, If 2210 Dif. : 60' : 139 Dif. 
pl ey to 


. 2210)83940(38"! 
. way dy >. | | | 175 J* 
+... | 1759 Perk, 


which I find the Arch anſwering is 29* 45' 38". 
And here it will not be amiſs to inform the Reader that 
inſtead of ſaying Sine 8 or Tangent Comple- 
ment, we ſay for ſhortneſs, Co- Sine, or Co- Tangent, c. 
and the Word Complement ſignifies a filling up, or What 
any Arch or Angle wants of go“, or of 180, &c. 
Here are ſeven Caſes, which we ſhal! briefly illuſtrate 
as follows; in which 8 are marked with a 
Daſh of the Pen thus X, and Things required with 2 
Cypher thus ©. And further, 4 
Note, That when the Angles are required, a required 
Side cannot be made a Radius. And in the Solution of 


3. By Conſtruction. 
7. By Logarithms, E.. 


3. By 


=: - * ” 6. tf ” L a. Wt 1 — # — ——— * & 
10.4 . 5 er RT | 
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3. By Gunter's Scale, or Slider. | 
4 By the Sector. 


5. By t he Natural Sinee, Tangents, and Secantes 
6. By Natural Numbers. q 


Given, The Arglts and Baſe, to find the Catbetus, or 
| Perpendicular, and the Hypothenuſe. 


Let the Argle at the Perpendicular be 489 30o', then 
the < at the Baſe will be it's Complement to go, viz, 
41% zol and the Bale 56 Feet, Yards, Miles, or any 


| other Meaſure at Pleaſure, I demand the Perpendicular * 


aud the Hypothenuſe ?. 


The Hyfpothenuſe made Radius. Conſtructian, Fig. J. 
Pages 19 k 


Open the Sector to any convenient Diſtance, on the 
Line of Lines, and take off 56 and lay it from B to C. 
take the Chord of 60 (of any Radius whatſoever) ſet one * 
Foot of che Compaſſes in C, and ſweep the Arch A E, 
a5 the Sector now ſtands take off from the Chords 41* 30 
the Quantity of the given Angle at the Baſe, and ſet it 
from E to A, draw C A and B A, and the Triangle is 
compleated ; then meaſure C A and B A ſeverally upon 
the Line of Lines on the Sector (being firſt ſet the Baſe 56) 


and you will find A B to meaſure 50 feri, and A C 14.8 
Feet, Sc. , 


g Ang for the Hypabenuſe, C As 
AsS<A 48% 30)  9.8744561- 


To CB 56 1.741880 
So Radius 90 00 | 10.0000000 
To AC 7477, 18737319. 


83 k Fr 
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Fer the Perpendicular B A. 
As Radius 90® oo! 10.0000000 
To AC 74-7 1.873739 
80 8 8 41 30 9.821264 


To BA 49.545 16949965 


Secondly, In Caſe I. the ſame Things given to find 
che required, A B made Radius. See Fig. II. pag. 195. 


Analogy for the Perpendicular. 
As Tang. <A 48* 3o' 10.0531916 


To BC 56 1.7481880 
So Radius 9o o 10 0000000 
ToAB 49-545 16949964 


For the Hypothenuſe A C. 


AsT <A 48? 30 Co. Ar, 9946808 


ToCB 56 | 1.7481880 
So Sec. CA48 30 10.1987 354 
ToCA 74-77 1.8737318 


Or you may fay thus, A B being found. 


As Radius 90 og 16.0000000 


To AB 49-545 16949964 


So Sec. <A 48 30 10. 1787354 


To AC 7477 18737318 


3» To rwork the ſame upon Gunter's Scale. 


Extend the Compaſſes in the Line of Sines from 485 
30' to 46 in the Line of Nombers, and the ſame Extent 
will reach from Radius or Sine of 90“ to 74.8 in the 
Line of Numbers, For the Perpendicular A B, extend 
the Compaſſes from the Sine of 90 to 74.8 in the Line 
of Numbers, and the ſame Extent will reach from the 


Sine 41 30! to 49.5 in the Line of Numbers, 


There are Sliding Gutter's made, which worketh far 


better than with Compaſſes. 


4 By 
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4. By the Sector. 
a i 
'This moſt uſeful Inſtrument is fully deſcribed in Chap. 
V. with it's Uſe in many Caſes; 1 ſhall here compleat it's 
Uſe in the Solution of Triangles. 


Caſe 1. 


4 


To find the Hypothenuſe A C Analigy, 
KSA CB: R: Ac. 


Take the Baſe 86 in your Compaſſes, and make it a 
lateral Diſtance in the Line of Lines, carry this Extent 
to the Sines, and make it a Parallel of 489 30/ the Quan- 
tity of the Angle at the Perpendicular, then take off the 
Parallel Sine Line of 90“, and that Extent will reach la- 
terally in the Line of Lines, from the Center of the Sector, 
to 74.8, the Hypothenuſe A C, as required. 


Firſt,, For the Perpendicular A B Analogy. 
» AszR:AC::$S.C: BA. 


Take the lateral Hypothenuſe A C 74.8 on the Line of 
Lines, and make it a parallel Radius on the Sines go, 90. 
then take the parallel Sine of 41 31, the Angle at the / 
Baſe, and it will reach laterally from the Center in the 
Line of Lines to 49-54, the Perpendicular ſought. 


Secondly, The Perpendicular A B made Radius, for the 
Perpendicular A B Analogy. 


0 As T, A: CB::R: AB. 

nt 

1 Take the Baſe C - 56 laterally on the Line of Lines, 
— and make it a Parallel on the ſmall Tangent 48 3o!, 


then the Parallel on the ſmall Tangent 45* will reach trom 
he the Center of the Sector laterally to 49.54, the Perpeadi- 
cular ſought, 


py 5. By 


. 


. 
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5. By the natural Sints, Tangents, and Secan's. 


In Sherwin's Tables you have the Natural Sines and 
Tangents ; apſwering to every Degree and Minute of the 
Quadrant: The whole Line, or Semi diameter of the 
Circle = Radius being = i cococcoo, which are no other 
than the natural Numbers of the ariific.al Sines and 7 an- 
gents ; And this way of working was ued belore the 
Logarithmetic Canon was invented. but it being tioubic- 
tome, and ro qui e out of Ute, I offer it here only lor 
C uriolity, and not for Practice. 


Cael. Scheme 1. page 195. 
C B 56 7 | 
Given <C AB 48? 30“ C To find $ A 2 
AC B 41 30 A I 
Firſt, The Hypothenuſe A C, Araligy. 
As S A: CB: R:: AC. 
Seck in the Tables for the natural Sine of the Angle 
CAB 40% zol, and you will find it o be 7489557, 
u hich muſt be the firſt Term, in the Rule of Trree; the Bale 


== 56 the lecond Term, ind Radius the third "Tem 3 
which being placed in due Order will ſtand taus, 


\ 


Cine A CB Radius. 
As 7489557 56 i: 100c0000- 
100O0OOOO 


— 


7489557) $6000c000(74.77=A C. 
| 52426859 


35731010 . 

25 052228 _ , 
57777820 
52126899 


5c, 
51426899 


—— —⅞ 


3823115 


ww T3 ww vY 
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The Analogy for the Perpendicnlar A B. 
A - 


As SA:CB::SC:AB, Or, 
As R: AC:: 8 C: AB. 


Operation. 
8. A CB 8. C. 
As 7489557 : 56 : "6626201 
5 
39757206 
33131005 | 
7489557137 1067; 256(49. * A 
29958228 
71484967 
67406213 
. — — 
: 2 40789630 
7 * — 37447785 
33418450 
29958228 
3460222 
Ca/e J. 
The Perpendicular made Radius. Analogy for the Hyps- 
Fer oc . 2 


Ai TA: CB: : Sec A: AC. 
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Operation, 
TAC Sec, A. 
As 11302914 : 56 2 or 


90549530 
75458925 


—ů——— — 


11:0:944)3451298%0{74.77=4 C, 
79120008 


— — — 
7 


539238 
45211770 


87120240 
79120 ιÿ8 
759,032) 
79120608 


— 2 


| ot 875713 
Analogy for the Perpendicular A B. 


AsT.A:CB.:R:AB; 


Operation- 
T. A. CB. R. 


As 11302944 : W 10000000 


11 j01947JToneoorotg 545 ſere 


45211776 
107882240 
101725496 
61557440 
56514720 
504272CO 
44211796 
—ͤ — 
52154260 
55514720 + 


— 
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Ia this way of Working, you may aid Cyphers to the 
Remainder, and then the Quotient will be a mix'd Deci- 
mil. as you ſee in the Works above. And thus you ſee 
hw exactly the Caſes may be ſolved by Natural Sines, 
T anvents. and Secants though not o ex deditiouſly as by 
the Artificial, as you will loon perceive if you compare 
the one Method with the other. | 


6. The Solution of right angled plain Triangles by Natural © 


Nambers. 


Beſore we proceed to the Calculation of right angled 
plain Triangles by Natural Arithmetic, it will be neceſ- 
lary to premiſe as chiefly preparatory threunto 

« That having the Angles in any right angled plain 
« Triangle, and aſſuming the Leg oppoſite to the leſſer 
« Angle to be 1.00, G This following Rule will give 
« (near enough the Truth) tne Hy pothenuſe and the other 
„Leg. Accord.ng to Mr A. Forfter.” 


RULE. 


Divide 172 by the Angle oppoſite to the leſſer Leg, 
(which muſt always be aſſum'd 1.00, gc.) ſquare the 
Quotient, from which abate 3, and extract the Square 
Root of the Remainder; this Root ſubtract from twice 
the Quotient, one third Part of the Remainder is the Hy- 
pothenuſe. Which doubled, and ſubttact from the ſaid 
Quotient, leaves the cther Leg. 

Now before the Rule above is put in Practice, it will 
not be amiſs to ſhew how the Number 172 is found. 


E 
N 


— 
— 


— = 
. — = — 
— Gs == — = — — — 


- — 
— — = = — _ 
— 


* — — 
— — —_—— 


- 
l . 
— Z A =» — = = 
— — — * 
— — RI 2 
. — —  —_—_ 
S — 
— — 
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Confiruttion. 


Let the equal Leg'd and right an lain Triangle 

AB C begiven. Then nn Hh — A — 1 
thenuſe deſcribe the Semicircle D F G, and make G H 
= CG: Paw DE parallel to BA, as a Tangent to the 
Angle A CB, ard draw E A H; then is BA the Sine, 
DA the Chord, and DE the Tangent of the Angle A CB. 
DH is the Triple of the Radius A C or longeſt Side of 
the Triangle A 5 bo 


Demonſtration. 


Becauſe D E is parallel to B A, the Triangles H B 4, 
HDE as ſtanding on the fame Baſe are Similar, and there- 
fore proportional. Then, | 

As HB: BA:: HD: DE = D A becauſe D E. is 
the Tangent, and D A is the Chord of the ſame Arch. 

The Chord of the Angle A C B, muit be reckoned an 
Arch of a Circle whoſe Circumference is 360, it's half is 
== D G being the Chord of 180, but we muſt find the 
Diameter in ſuch Parts as the Circumterence is 360 Thus, 

As 3.141592 : 1: 360; 114459158 = D G whole 
half is = 57.25979 = DC, whole Triple is 191.88737 
= D H, now becauſe of the great Fration, the 171 is 
made 172 Whole whoſe half is 86 called a general Num- 
ber made Uſe of in finding of Angles, as will be ſhewn 
by and by. And DC=CG= GH = to the Hypo- 
thenuſe C A. Now we ſuppoſe the Leg B C, to be the 
longeſt of the Two, and therefore it will be as twice the 
Hypothenuſe C H 4+ B: H D 172 thrice the Radius; ſo 

is the ſhorteſt Leg B A to DES CB AC. Ia ſhort, a 
BC TAC: AB:: 12D H 86; to the Angle oppo- 
te to the ſhorteſt Side 
Now by chis general Number 86 and the 47th of the 
Firit of Euclia, are all the Caſes in right angled plain 
Triangles ſolved, as will more plain appear by what 
follows, | 
Caſe 1. Given, The Angles and Baſe, to find the Hy. 


potheauſe and Perpcndicular, 


EXAMPLE: 
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rr 


Figure 1, pige 195, CA B489 30/ ACB 419 30 
. B 86, demand A Cand BA? Firſt, there fore a 
any right angled —— Triangle is propoſed for Solution 
by this Method, having the Angle given, you muſt firſt 


aſſume another right angled plain Triangle as 4 5 C, and 


1 
4 
4 
% 

* 


the polite to the leſſer Angle as 4 &, to be 1.00 Oc. 
Te the Hypothenuſe and other Leg, (the 
greater Leg) by the Rule here given; which done, theſe 
two Triangles A B C and 35 Care Proportional. See 
Theorem 9. | ; 

That is, (obſerving what Side is given in the propoſed 


© Trianlge) As any one Side in the aflum'd Triangle a 4 C: 
is to is correſponding Side in the {ed Triangle ABC, 
o is any other Side in the aſſumed Triangle to it's correſ- 
© ponding Side in the propoſed Triangle. And this Method 
vill be exact enough for common Uſe, if you work it to 
two or three Decimal Places, ever remembering to reduce 
the Minutes of the Angles to Decimals, which is done by 
laſpection in the following Table, ett 


- 
| * 1 


1 
- " 
7” Ea 
5 
1 


2 


Y 


lain I a8 
Ny nujes and the Intezer, 
to Convert, * Dis — 
A Table — 
nal, & 
cima 


' 212 


, ug? 
: wy IM + 
FT Decim 
— * — 3 4. | Ott : 
93 e 
* 2 A 
ö 75 | 004; T2123 5167 
| | 0 20 — . 5333 
2 Lathe. | — bo 5 « 
1 3 0 . x 3 
9 16% R. 
Yo 14 IR: 0333 1 3 | 6 
4 2 £: —=—} | 5. 6167 | 
A 67 37 6333 
4 | | — 4 I In 
"Y 6 1167 | _ gen 25833 
CHEE ao. — 
17 T3 | 42 71 
Kays 4 rae” 1867 | 43 | 3233 
an 1833 44 25 
. 1 11 «2 45 7667 
8 8 | 
* 2333 | 47 
2A 25 48 4 8167 
I 2667 49 8333 
a * 2833 ud ; 
| 17 © (| 51 866 
. 25 52 8833 
* 3333 53 9 
| 20 "32. | * 54 9167 
| 
21 3657 55 9333 
22 3833 56 9 
* 4167 31 
25 4333 59 1. 
26 1 15 
' 27 4 67 
17 | 


Now 
Lollo OE 
ws the — 
ae of "ug 
pf aſe 1 7 
713 
13 


1. 
For 
4 
the mon 
A 
C. 


Angie-© 
15 
"47. 
50 72 ol 
4 


Squa 
re | 
17.1 
4398 


za N v9 * 2 
dt. 9? | 
4,96 ee 
LEY 51 ＋ 
2 


„a 
vi 


. 
2 The + hew 
z the too 
| - 
+ Quotient 1.51 muc 
; is too 
wo. 
n. 


T 
"TY 
0 
9 


— X — — = 
_ 


—— 


— — — — —— —: — —— — — 
— 


| 
| 


—ͤ—ñ—mů— — OG — —— _ 
"a4 


2 


„ „„ 


CF CB. 85. 


112 


New, Tho Side era v. leffer Angle is always 


called 3. 


Second Fer the z 
9» e N 
As 1.12: 


/ 


B'' 8b. f 


5 FEP I, 


8 = AB. 


| [23] 


dt. a. 


o'. 


. 
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Aſter this Manner are the 2d and 3d Caſes ſolved ; but 
the 4th, 5th add Gth Caſes muſt be wronght by Natural 
Arithmetic, thus; For the Sides, the Square of the Hy- 
pothenuſe, is equal to the Square of the Sum of the Squares 
of the other two Legs See Theorem 14. | 
And to find an Angle, Son take half the longer of the 
two leſſer Sides, 7. e. Baſe and Perpendicular, and add je 
to the Hy pothenuſe, then ſay, As that Sum, is to the 
ſhorteſt Side, ſo is the general Number 86, to the Quan- 
tity of the Angle oppoſite to the ſhort-t-Side. As we 
vil ſhew by and by, when we come t5 the Fourth Caſe. . 


Cae 2. *Given, the Avglrs and Hypotbens/e, to find th 
Baſe end Fe pendi ular, 
N. B The Datas are the ſame in all the following Caſes. 


a; was aſlum'd in the Firlt*Caſe. * © 
11 | 261 
Anal;zy. A C made Rains. 
As R:AC:;SA ; CB. Biſe. 
g0: 74 773: 489 3c! ; 6 = QB. 
As R: AC ;: SC : AB Perpendicular, 
90 74-77 +5 419 300 495% BA. 


3, Given, tee Angl if and Perpend cular, to find the: ; 
| H\ptbenvye end Ba. 


Ana' gy» AB made-Radias. 


AL Ra AB TA CB. 
90 49.5448 393 56 = Bae. 
As R : AB Sec. AidC,, 
90 49.54% 8.30% 77 Hypothenuſe; 
Given, tht Baſt and Perpendicular, to find. thi: 
15 Angie a Hypothetiſe- . f 


Analogy. A B mide Radius. 


A: AB: R;: CB: T. CA. 
4954 50 563 48% 30“, | 
| T.3, , A 


[LP 
216 Of Plain, Trigonemetry. 
a» R AB: Sc 48. ; 
[99 + e 45 20 %. a 


We 4 


55 55 Notural Arithmetic. = 
3 is gn. Bit fr the une AC. 
2 * * 
41 C 32 56 | "A B== 49.54: 
634,208 365 49.54 
1 3+, - econ — ! 
, 336 19816 
280 24770 
N ; — $86 
DO CB 136 19816 


0 AB = 2454-2116 
gar Sum == 559,116 2454.2116 . 
5595. 2116004 2 
49 


| 1437 1421 
e 


14947) 10216 


10 
— fag © £=25 


Far the Angier Langel of the 1m 1 I er dier =» 28 


2c. 5 26 \ 
A Cin'74-77 5 
| ; j . 
Sum = = + 05.77 
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Sum. AB 
Now ſay; As 102.77 : 49-54 : : 86, 


29724 
35632 5 


- 


3 


102 77A. 440004145 ((C. 
41108 10 
14964 
10277 
—— 
46870 
41108 


57620 
51385 


— 


6235 b 


< B — 9 00 
< C TY 27 5 304 
145 2 27. Sec Table, page 212, 


Caje 5. Given, the Baſe and Hypothenuſe to find the Angles 
1 and Perpendicular. . Analogy, Baſe made Radius. 
Ar Ei £ 
* CA: SC. 5 2459 
: $3 744775 41? 3ol = ©, 1613 

a; R 1 GB: To: AB. | * 624Þ 
$0.4 563341930 ; 4954 = AB. | 

N 
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Caſt 6. Giver, th Hypo'benuſe, and rn te find 
the A gle and Be Ana ogy, Hypo benuſe mad- 22 


A AC: A: AB. 8. C. 

74 77 : 90:: 49.84 4 31 <C, 
As R: AC:: S. A; CB= 
90 74.77 45 30 56 = Baſe, 


Caſe 7. Giver, all the Sides, to fied the Angles. Analog) 
5 Hypoth-nvſe made 33 alex) 


As AC:R::CB:$SA whoſe Complement to 2 
Quadrant = go“ Angle B=< C 41® zol, Or, 
As AC:R:i: AB; C. * 


z Fur the ſure Angles, A B made Ridins. 


As AB: R: CB T. 4. 
3 CB made Radius, 
As CB : R:: AB: T, C. 


Note, When you work upon Gunter, a Proportion that 
has Secants, this may be ſupplied by the Co-Sines, for by 
reaſon the Secant begins not *till the Sines ens (See the 
Scheme in page 1 90 lo becauſe the Secants are not placed 
upon Gunter, th: Line of Sines ſupplies that DefeR, viz. 
by. their Co Sines, thas, 


., Sines+ +- © 90, 80, 5, 60, 50 40, 30, 20, 10. 
Co Sines, or Secants, o, 10 20, 30, 40, FO, 60, 70, 90, 


80 in Ce, 4, where A B is made Radius to find A C, 


extend the Compaſſes from the Radius, or Sine "i to 
the Sine cf 41%. 30, Co-Sine of Angle A, and: the (ame 
Extent will rea:h from 49:5 the Side A B, to-74 & in the 


Line cf Numbers, and ſuch is the Hypothenuſe A C, as 


was required 


Before I cloſe this Part, I ſhall add ſoma uſeſul Problems, 


as a Touch · ſtone to try the Learner's Ability. 


PROBLEM 


e 
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PROBLEM *. * * 


Given, the 4 ler in the ri be angled plain Triangle, with 
| hr Sam of the Sider, A fins the Sides Neu an? 


"7 


BXAMPLE. 


To the Triangle ABC, Fig. pegs 
the Sides have ready been found 10 395 the Som TY - 
<A * 30˙ 415 30ʃ, — — the Sides ſeverally 

lution, van may n the Sides 

what! La you pleaſe, as. eee ſe to be 40, 
now With this falſe Baſe 40, a 1975 he true Angles, G. wie 
8 and wort wich? it * * vette true 
$5 | * 


14 7 ; 


£ = 


AC 1 Kade, 


As S. A CB; R: Ac. 
48 30: 40: : 901 53.408; 


Stcondly, For A B. 


AsS. A Co-Ar.: CB\ : SC:AB. 
48" zo" 3 40:41 30': 35.389.” 


Now we ow found the ww Sides in goportion to 
the gueſſed Baſ : 1 


881. Y . . 
 AB= 35.389 


Sum 128.797 


| Now with this felgned Sum ol the Sides find the true 

„ Baſe thus. | 
Tf the feign'd Z Yides - 128. A. 890117 

y Given for their Baſe--—— - 793 — 2 3 
What true Z Sides give 1 50. 312.2860198 
* true * CB 56.001 ---- 1, 7481977, 

j 4 ow 
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Now with this true Baſe and the Angles, conſtruct a 
new Triangle, and find the other two Sides, as has been 
taught in C47 r, by which you will find A C 74.77, 
and A B 49 54, the Sum of which three Sides is equal to 
180 31, the given Sum, which proves the Work to be right. 


PROBLEM II. 


Given, the Baſe, and the Sum of the Hypotbenufe and Ca- 
' thetur, or Perpendicular, to find the duglas, ' © 
VB. This is grounded upon Theorem 4, where it is 

Is proves tat the Angle at the Centes bs double to 
mme 'Angle'at the Circumſeren tte. 
eee 


Les the Baſe CB: be 36, and the Sm of the other 
two Sides 124 31. What are the; Angles at A and 57 
and the Sides A C and AB (evera)ly ? 


4 CY 
x" 


, TITTY 


1 PR. * 2211 wy 5 
met Conftrufion.- 
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- Conſtru ion. : 
aw the Baſe C B 56 of any convenient Length, take 
it in your C-mpalles and make it a Parallel upon the Line 
of Lines on the Sector, erect an occult. Perpendicular, as 
B D, drawn at Pleaſure: Now becauſe the Sum of the 
Hypothenuſe and Perpendicular amounts to 124 31, this 
exceeding the Bounds of the Sector, take haf that Num- 
ber, viz 62.155 in your Compaſſes from the Line of 
Lines, {as the Seftos was juſt row ſet to the Baſe. $6). atid 
hy it twice upon the occult Line B D, and it will termi- 
nate at D: draw BD, and C D, Bifet CD ia E by 
Prob. I. and draw E A at right Angles ty CD, then 
doth the Point A determine the true Triangles; to com- 
pleat which, draw C A, and tis done. 

Now by Conſtruction tae Angle CDB is juſt half the 
Angle CAB. 


Fur the Angie CAB, DB made Rains. 


AsDB 124 31 . 004105 
To Radius 90 00 I 00 ö,“ 
80 CB 56 17481880 


ToT TC DZB 24 hs 9 6536/19 Lai 
Daubled -C AB 48 zo Comp. AC 8 4 0 


Now by working as in Cafe 1+ I find A C to be 9447, 
ard A B 49 54 which two Sides a ded together, make 
124.31 as was at firſt propoſed, wi.ich proves the Work to 
be right, The SACD=ADC, becauſe A C= AD, 


PROBLEM III. 


Given, the Perpendicular and Sum of the Hypothenuſe . 
and Bae, to find the Angles. 


EXAMPLE, 
Let the Perpendicular AB 49.54, and the. Sum, of 


the Hy pothenuſe and Baſe be 13077 l demand the Angles 
and the Sides AC and CBſeverally ? lf 


Conflr uddiors | 


ah g + | Confiruttion. | 
Draw an occult Line at Pleaſure, and thereon make 

A B= 49-54, open the Sector to this Diſtance upon the 

Line of Lines, hete let the Sector ſtand; then draw at 


right Angles to A B an occult Baſe, and take from the 
[ Sector a Parallel of 65.385 ch the Line of Lines, (that is 


the half of 130.7 the Sum of the two unknuwn Sides (and 
ſet it twice from B, i will give D. draw B D and AD; 
Biſect D A in E, and draw'E C, and it will cut D B in 
C, draw A C, and *tis done. | 
By, Conſtruction, the Angle ADC is half the Angle 
ACH. | 4 ol in 
\ Er 4 \ {1 12 "IT 
"© PForthe Angle ACE, DB made Rodin, 


As DB 13077 2.116808 
— 1 CO , 05 . * 
| « . 01 49 -54 19405 

To T. CA D B 20 © 45! 9 57844 


Now by working as in Caſe 1, I find AC = 74.77 and 
130.77 as was at firſt propoſed. 


PROELEM 


| 79 
| Doubled =A C B 4300 Comp. = ACB 48930! 


E=, which two Sides being added together, make 
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PROBLEM IV. 


Hoo by the Proportion of a Man's Shadow unto Bir Height 
or other Shadow to it's Gnomon, ſet Perpendicular to the 
Horizon, to find the Hour of the Day. | 


1. It ie by this Problem that the Table is calcnlated to 
find the Hour, of the Day by a Staff divided into 10 equal 
Parts, which Fable is printed in many Books, but will on- 
ly ferve for one Latitude, viz. that for which it was cal- 
calated. Jn order then to make ſuch a Table for any La- 
ti;ud-, you muſt have the Sun's Altitude at every Hour and 
Quarter of the Day, for every Day in the Year for your 
given Latitude, and then it will hold, As Radius, To the 
Length of the Staff in Parts, as ſuppole 10, or 100, or 
any other Number, So is the Co-Tangent of the Sun's 
Altitude, To.the Length of the Shadow of the Staff, in 
the ſame Parts. Which is inſerted into a Table right a- 
gaivſt the Day of the Month, and in a Column noted at 
the Top with the given Hour; this is done for every 
Hour and Quarter of the Day, and for every 5th Day of 
the Month for your given Place. Thus the Table being 
made ſet up your Staff perpendicular on plain level Grgund, 
and mark where the Shadow of the Top of the Staff falls, 
meaſure the Diſtance from the Place where the Staff ſtood 
and the Mark juſt made, which note in Staff 's Length and 
Parts, then look in your Table for the ſame Number: 
and at the Top of the Table is che Hour of the Day When 
the Obſervation was made. | 

2+ By the Altitude of a walking Cane only, Cr. ſet 
perpeadicular to the Horizon, to find the Height of any Tree, 
Cait.e, Tower, or Steeple, the Sun ſhining. 

The Solution of this, is from fimilar Tri ingles; as ſup- 
pole your Cane, or Stick be divided into any Number of 
equa] Parts, as 10, 36, Cc, and you walking along 
ſeeing an Object caſt a Shadow (the Sun ſhining) let 
up your Stick, and with ic meaſure the Length ot it's - 
Shadow which we will ſuppoſe to be 40 Parts, that is one 
Stick's Length and 4 Paris more; with it alſo meaſure 
the Length of the Shadow of the Object, which let be 
13% Sticks Length, that is 504 Inches; now it will hold, 
(See Fg ll. page 196): 
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As b the Length of the Sha low of the Stick, in the 
little Triangles is to & @ the Height of the Stick; So i- 
CB in the great Triangle, the Length of the Shadow e 
the Tower, to B A the Height thereof. - 


Operation, 


„„ i C8, . | 
As 4o : 36. 33 $04 + 453-0 == 537,75 Yards, 


ard ſuch is the Height of the Object. And thus by the 


Help of a Cane or Stick, and plain Triangle, we can tell 
the Height and Diſtance of any Place. 


—_ 


II. Of Obligur Angled plain Triangles. 


B LIQVU E Triargles, are ſuch as have in them 
no Right-angle, but are either acute or obtuſe, or 

both. See the Geometrical Definitions. 
An Oblique argled plain Triangle has always all the 
Angles acute, or elſe two acute, and one obtuſe, where- 
of the Snm of any two of them is always a Complement 
of the Third to 180“, or a Semi- circle, with which you 
muſt work inſtead of the vbtuſe Angle itſelf. And herein 
are three Axiom, on which the whole Fabric of this 


Doctrine is laid. 
_— 7.7 
The Sine of every Angle is in direct Proportion to it's 
polite Sides, and every Side is in direct Proportion to 
the Sine of it's oppofite Angle. 


Conſtrucion. 
Du the oblique Triangle 4 C B. 


Fig, 


— 


i a R 1 _ 
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Las 
Fig. 1 4. * 


——_ 


* * . 
Pane. 


E HG" 


A 


Make BD = AC, with the Radius BD ſweep the Arch 
DE, with the ſame Extent ſer one Foot of the Comp-ſles 
in A, and draw the Arch C F., let fall the Perpengica- 
lars CG and DH, upon the Side AB. 

Now CG is the Sine of the Angle A, and D H, the 
Sine of the Angle B the T. iangles A CG, and BD H 
are Similar and Proportional. See Euclid 6, 4, where 
tis demonſtrated, that the Sides of equiangular Triangles 
are proportional, Therefore as C & :SB :: GB: 
S.CGB ad CB:SCGB, The like in the Tri- 
angle AC G. And from hence it will always hold in 
any oblique angled Triangle, (whether plain or ſpherical) 
As S. ACB: AB:: SCAB : CB, aud fo is the 
S. ABC: AC: & Contra. | 


Axiom II. 
- As the Sum of two Sides including an Angle, is to their 
Difference ; So is the Tangent of half the Sum of the 
other two Angles, (that is, the Angles oppoſite to the 
given Sides) to the Tangent of half the Difference of the 
faid Angles. Which added to the balf Sum, gives ihe 
greater Angle ſought ; but ſubtracted from the half Sum 
gives the leſſer Angle. 


It is by this Axiom that we figd the geometric Place of 
2 Planet. 


Conflrufion. 


Make C D =» C B and draw B D;; en which, Jet fall 
the Perpendicular C E, and it will Biſect D B in E; draw 


U 2 | E F 


1 a -- „ - 


— 
8. 
— — 2 — — — — — 


* —— % > - 
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EF parallel to A G, and it will Biſect AD in F, and 
is the Difference of the two Sides A Cand CB. 


Demonſiration. 


The Angle C BE is half the Sum of the Angles CBA 
and BAC, and EB G half their Difference. 

Now if BE be made the Radius of a Circle, E C will 
be the Tangent of half the Sum, and E G of half their 
Difference. The Triangle C G A is cut proportional by 
the Line E F. For, 

”" MQCF-FA::CE: EG. 
* Norte, Half the Difference of any two Numbers added 
to, and ſubtracted from their half Sum, gives the greater 
and leſſer Number, that is, the Numbers themfelves, As 
| _ ſuppoſe the two Numbers be 10 and 14, their Sum 24, 
| 2 2 12, their Difference = 4, 4 = 2, then 12 + 2 
| == 14 the greater Number, and 12 — 2 io the leſſer 
| Nunbtr. ; 


a BONG | Siem III. | 
As the true Baſe, Is to the Sum of the other two Sides, 

Fo is the Difference of the ſaid Sides, To the alternate 

Baſe. - That is, to the Diffcrence of the Segments. of the 


Baſe made by a Perpendicular let fall from the Angles 
oppoſite to the Baſe, 


Conſtruction. 


lay down the Triangle A B C by Help of the Sector, 
"Fas has been already taught) by making A B = 92 on the 
Line of Lines, AC == 60, and C B= 50, * 

A ner 


Center C, with the Diſtance CB. deſeribe the Circle, which 


will interſe& both of the other Sides of the Triangle at E 


and F ; and then D F will repreſent the Sum of the Legs 
AC and CB, AE will repreſent their Difference, and 
AF will repreſent the Difference of the Segments of the 
Baſe made by the fall of the Perpendicular C G. 


Demonſtration. 


Lay AB: AD:: ARE: AF, | 
That is, the Baſe is to the Sum of the Legs, as the 


Differen:e between the two Sides, is to the Difference of 
the Segment of the Baſe. : 


Note, It the two Legs including an Angle he equal, then | 


the two unknown Angles are known; becau'e they are 
equal; whoſe Complement of the known Angle to 180, 
is their Sum, the half of which is each Angle ſeverally. 
If the three Sides be equal, the Angles are all acute, 
and each 609, and the Sum of all three = 180 
In any oblique ang ed pain Triangle whatſoever, where: 
the Three Sides are given, to find an Angle. See my 
Urangſcopia, Page 55. 56. 4 


U3 RULE: 
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RULE, 


Prom the half Sum of the three Sides ſubtract the Side 
oppoſite to the Angle required, and Note the Remain- 
der; then to the Co. Ar. of the two Sides, including the 
required Angle, add the Logarithm of half the Sum of 
the Sides, and the Logarithm of the Remainder ; half the 
Sum of theſe Four Logarithms will be the Co-Sine of 

half the Angle required. 
Here are four Caſes which we ſhall illuſtrate in the fel. 


lowing Order, 


Caſe 1. Given, All the Angles and one Side, to find the 
| other two Sides. 


EXAMPLE. 


Let the Angle A be 30% B369 g2land ACB1139 b. 
the Side CB = 50, I demand the other two Sides 


1. Firſt for the Side A C. See Fig. 1, pag. 225, 


As S A zo oo! Co. Ar. 77 — 

To CB ww. 1.6989700. 

So S T B 36 52 - 9.7781186 

To AC 59.9% 17787185 

2. For the Baſe A B. | | 

AsS< A 30* oo' Co. Ar. o. 3010299 

ToCB - co 16989700 

80 8 0 66 52 - 99635957 

To AB. 91959 1.635956 

' Caſe 2. Given, Two Sides and an Angle oppoſite to one of 
them, to find the Angles and ihe otber Side, 

EXAMPLE. 


Let CB be = 50, AB = 91.959, and the Argle 
CAB 3o®, what are the other Angles, and the Side 
AC. See. Fig. 1, Page. 325, by. Axiom. 1, for the 

B. | 


Operation. 
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, Operation. 
AsCB - 50 Co. Ar. 8. 3010299 
oo 


To S C A 30 - , 9.69897500 
80 AB 91359 1.963956 
To S TCC 66 52 - 9.9635955 
From ifo o 


Angle A CB= 113 ©$ 
Avgle CAB 30 oo 


"Wy 6 


Angle A BC = 36 52 
2. For the Side A C. 


Operation. 
ASA - 300 col Co Ar. o 300299 
ToCB - 30 1.6989700 
80 8 B - 36 52 97787185 
To AC -=- 59.9 17781185 


Caſe 3, Given, Trio Sides, and the Angle included, to find 
the Angles and the third Sidt. 


EXAMPLE. 


Seppoſe the Angle AB C = 36% 52', the Paſe of 
C 91.995, and C B 50, I demand the other Angles, 


and the Side A C. 


Operation. 
By Axiom 2, Fiz, 2. page 226. 
The Three Angles = 180% ö 
Given Angle B =_ 36 52 


—— — 


Sum of C A And C = 143 08 
Ha f. _ 71 34 


Secondly, 


i | 
"4 
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Secondly, 
AB 91.995 
Given Sides. th B vo * 50. 
— — 

Sum — ng 141.995 
Difference = » 4.995 

Analogy. 
As Sum of the Sides Co. Ar. 141.9998 7 8477728 
To their Difference = 41-995 1.6231976 


So Tangent 4 Sum Angles 71? 34' - 10,4771621 
To Tangent 2 X < < fought 41 35 99481323 1 


Sum —=<ACB _— 
Difference CAB 29 59 5 | 
. Laſtly, for the Side A C by Axiom 1. | 
n. 
As S CA 290 20 Co. Ar. o. 3012499 | 
To C.B. — 1.698970 


So SB 36 _ -. 9:7781186 
To AC - 0 026 * 1.7783375 


Caſe 4. Given, The Dres Sides, to find tbe Angles, 
Fig. 3, page 227. 


EXAMPLE. 


hen AD be 91. 959, A C60, and C B 50, I demand 
the Angles ? 


* 


By Axiom III. 


* Operation. 

A C (o 

Two ſhorteſt Sides B C 50 
Sara = = 110 


Difference =. + 10. 
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Analogy, * 


As the Baſe AB -« 91.959 Co. Ar. 8. 0364044 
To the Sum of AC and CD1 10. - 2.0413927 
So is the Diffcrence 10, - 1.0c00900 
To the alternate Baſe AF 11.967 I 0777971 
From the true Baſe AC = 91.959 


Remains FR 79.962 


Now FG = G3, half of FB= 39.996, is the 
true Baſe to the right Angle plain Triangle G C B. Then 
FG 39996 + AF 11.967 = AG gr. 963, which is 
the true Baſe to the right angled plain Triangle ACG. 

Now the oblique angled Triangle A C B, being re- 
duced into two right angled plain Triangles G CB, and 
ACG; there are given CB = co, and GB = 39.996 
_ to find the Angles CBG, which by the fifth Caſe of 

right angled plain Triangles will be found to be 369 521. 

Secondly, In the Rect-angle plain Triangle A CG, 
there is given A C == 69, and AG = 51.563, to find 
the Angle of GAC; which by the ſaid fifth Cafe of right 
angled plain Triangles, will be found to be 30* : And 
the Angle ACB 11387. | | 

Note, Becauſe CD= CB, the Argle CDB = 
CBD = 56, 34, it being half of the Angle ACB, 
and the < == 66® 52), it being the Complement 
of the Angle A CB to a Semicircle, or 180“. The Angle 
ABD = 93* 26%. But the Angle EBD is right, as 
being made in a Semicircle. 


Here follnos tes Pribl:ms Extraordinary, 
Given, one Side, and the Aigle adjacent, with the Sum of” 


the other two Sides, to find the Angles, and the Sides 
ſeverally, | 


EXAMPLE. 
In Fig. 3, Page 2275. Let AB = 91.959, and the 


Angle at A 30, the Sum of ACand CB = 110, I 
demand the Angles and Sides (cvcrally ? 
Conſtruct 


- —_— 


— — — — — 
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Conflru& the Triangle as has been already taught, make 
AB=91 959, and the < BA C = 309. draw an occult 
Line A D, take the Sum of the two ſhorteſt Sides, v/z. 
1 o, and ſet from A to D, and draw D B, now in the 
oblique & plain Triangle A D B. we have given AB = 
91.959, AD= 110, and the included Angle at A, to 
f d the other Angles, and the Sides A C and A B. which 
work by the Second Axiom, as has been taught, the < 
ACB= 113® 8', the Angle ABC= 36* 5, and 
the Side A C = 60, and CB = 50. 


PROBLEM II. 


Given, on? Side and the Angle oppoſite therito, with the 
Difference of the other Two Siddi, to find the 3wo 
Angles and the Two Sides, 


EXAMPLE 
Let AB = 91.959, and the Angle A CB 113? 


8˙, the Difference of the Two unknown Sides == 10, 1 
demand the Angles CAB, ABC, and the Side A C and 
C B ſeverally? 

Make AB = 91.659, and the Angle A CB 113? 8ʃ, 
then will CB = Radius of a Circle, which drawn, will 
cut ACinE draw E B, now becauſe the Triangle E C B 
{by Conſtruction) is Equi-crural, the Angle CEB = to 
the C E, and it's Quantity will be known from 
Theorem 4, that is < E and B, will be each half the 
Compliment of < C, to a Semicircle, and conſequently 
are each 339 26', Now in the Triangle A E B, are known 
AB = 91.959, AE= 10, and the C AE B, = 146® 34' 
it being the Complement of the Angle CE B to 180® : 
Then by Axiom 1, I find the < ABE=2*® 26! + < 
CBE=33* 2" KC ABC= 30 52'+< ACB= 
113* &'= 1509, And 180 — 1560 C CAB = zo. 
Allo by the ſame Axicm 1 find A C 60 C B 50. 
As right argled plain Triangles are uſeful in taking of 
Altitudes, fo ob'ique Triangles are applied to the taking 
of Diſtances of all Kinds, as ſhall be ſhewn when we 
came to treat of Surveying of Land. 


CHAP. 
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HAF. VII. 
Of Right angled Spheric Triangles. 
DEFINITION. 


PHERIC TRIGONOMETRY teaches to 
meaſure the Sides and Angles of *pheric Triangles. 

1. A great Circ'e of the Sphere is that which cuts the 
Giobe in two equal Parts, of which there are fix prin- 
eipally, viz. the EquinuQial, Ecliptie, Meridian, Hori- 


zon, and the Solſticial Coloars. But you may imagine 


an infini;e Number of great Circles at plea(ure. 

2. A Spheric Triangle is made by the Inter ection of 
three great Circles of the Sphere. 

3. As (on a plain Surface) a Right Line is the neareſt 
Diſtance between any two Points; ſo on a Spieric Zur- 
face, an Arch of a great Circle is che neareſt Diſtance be- 
tween any two Poin:s, or Placcs on the Terraqueous 
Globe. | 

4. A Spheric Angle is the ſame with the Inc.ination of 
the Planes of thoſe two Circles which conſtitute the Ang'e ; 
hence the oppoſite Angles at the Interſection of two Cir- 
cles are equal. AC B ICH. 

5 $: The greateſt Angie is always oppolite to the greateſt 
ide. 


6. A Spheric Angle is meaſured by the Arch of a great 
Circle deſcribed on the Angular Point at the Diſtance of a 
Quadrant. So that with one opening of the Compaſles 
ou may deſcribe a Spheric Triangle, ail the Angles right, 
and every Side a Quadrant, as in the Ivar HM 
the Sides are all Quadrants, and tne Anglcs rip 17, 


7. What we have ſaid in Plain Trigouo V. eds 


good here, vis. that the Radius is a can nal 
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between the Tangent of an Arch, and the Tangent Com. 


plement of the ſame Arch, c. which ee. 

8. A great Circle of the Sphere paſling through the 
Poles of another great Circle, cut one another at right 
Angles. | 
9 The Sides of a Spheric Triangle may be turned into 
Angles, and the Angles into Sides, the Complement of the 
greateſt Side, or greateſt Angle to a Semicircle being taken in 
each Converſion, For in this Scheme. Let ABC be a Spheric 


AP 


\\ 1 


| Triangle obtuſe angled at B, then is D E the Meaſare of 


the Angle DAE, becauſe A D and A E are Quadtants, by 
the 6 hereof ; and F G is the Mea;ure of the acute Angle 
F B G. which is the Complement of the obtu.e Angle 
ABC. Let HT be the Meaſure of the Angle at C: 
K L is equal to the Arch D E, becauſe K D and L E are 
Quadrants, and their common Complement is LD; LM 
is = to FG, becauſe LG and F.M are Quadrants, and 
their common Complement is L F, K M is cqual to the 
Arch H I, becauſe K I and M H are Quadiants, and 
their common Complement is K H, Therefore the Sides 


of the Triangle MK L are cqual to the Angles of the 


Triangle A B C, taking for the greateſt Angle ABC it's 
Complement, viz. the Angle D B E. And by the like 
Reaſon it is demonſtrated that the Sides of the Triangle 


ABC are equal to the Angles of the Triangle M 2 
or 


Of Spheric Trigonometry, 235 
For the Side AC = DI, and DI is the Meaſure of the 
Angle HK P, which is the Complement of the ob:uſs 
Ange MK L. The Side AB=NO: now NO is the 
Meaſure of the Angle MK L. And Laſtly, BC = H 


which is the Meaſure of the Angle at M, for A D and 


Clare Quadrants, fo are A N and B O, BF and CH: 
and CD, A O, and CF, are the com mon Cmplements 
of thoſe Arches, therefore the Sides of a Sphcric Trian- 
gle may be chang'd into Angles, and the Angles igto 
Sides, Q. E. O. ; 


10. The three Sides of any Sperical Triangle are leſs 


than two Semicircles. 


11. The three Angles of a Spherical Triangle, are to- 
g:ther greater than two right Angles, and therefore twa 
Augles being known, the third is not known by conſe- 
quence as it is in Plain Triangles 

12, If a Spherical Triangle have one or more right 
Angles tis called a right angled Spherical Triangle. 

13. If a Spherica] Triangle have one or more of it's 
Sides Quadrants, tis called a Quadrantal Triangle. 


14. If it have neither a-Right Angle, nor any Side a 


Quadrant, tis called an oblique Spherical Triangle. 

15. If a Spherical Triangle be both right angled and 
quadrantal, the Sides thereof are equal to the oppolite 
Angles. As in the Triangle H M C. 

Note, Mention is often made of Quadrantal Sides, that 
is, ſuch or ſuch a Side is a Quadrant: Now how they are 
known to be Quadrants, the Learner is to remember that 
in Plain Trigonometry we have ſhewn that the Sine of go; 
the Chord of 60, and the Tangent of 45 are equal to 
each other, and alſo to the Radius of a Circle; therefore 
in the Scheme above, the Primitive Circle NO ABEG 


is drawn upon the Center L, with the Radius LE = 


LG=LN=LO, conſequently all thoſe Sides are 
Quadrants, as being equal to the Radius of thk Primitive 
Circle: and ſo by the ſame Rule is the Side of an obliquz 
Circle (in this Scheme) known to be more, equal, or leſs 
than a Quadrant. 

16, Every Circle, whether right or oblique, hath two 
Poles, if it is the Primitive they both lie together in the 
Center thereof ; if it is a right Circle as H D, they lie 
in the Primitive nn: = y oppoliice at C and G. I 
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an oblique Circle, as CA G, one Pole lyeth within the 
Primitive, and the other _—_ which _ find 
Geometrically, ſee my Syflem Aflronamy, Vol. I. page 
G2, But wag Sector 4 1s —— thus: . 
Sector on the Tangente 455, 459, to the Radius of the 
Primitive Circle = ED; then let the Pole ofthe oblique 
Circle C A G, be ſought, take E in your Compaſſes and 
meaſure it on the Tangents, you will find it to be 2 5, 
this ſubtract from 45 E D, three remains 20; which 
take from the Tangents on the Sector, and fet from E to 
K, fois K the Pole of the oblique Circle CI G, and 
Peth within the Primitive. For the other Pole add 2 - 
chat you juſt now found to 45, and it makes 70, ſet the 
Radius of the Circle= E D to the lefler Tangents on 
45®, and take off the Tangent of the Sum = 90, and ſet 
at from E to L. So is L the other Pole of the ſaid ob- 
Jique Circle C I G, and falls without the Primitive Circle. 
Likewiſe tbe Poles of the oblique Circle B A F, will be 
found by the Rule, to fall at M, within the Primitive and 
at N without the Primitive Circle. For the laying down 


EEE EEE IEEE D 


DD 
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o! meaſuring any Spheric Angle, or Side of a Spherical. 
Triangle, with the Projection of the Sphere on any Circle. 


I refer my Reader for father Satisfaction, to my Sy/fem of” 


Aflronomy, Vol. I. 66, orc. 

Every right angled Shperical Triangle as ABC (in 
this Scheme (hath beſides the right Angle at B, five Parts, 
whereof thole three which are fartheſt from the Right 
Angle, are noted with. their Complements, as A C, 


And thetwo acute Angles at A and C; now of the Triangle 
ABC, if A\C be continued to a Qualianr, it is plain 
A C it the Complement of A D to co and ED bs the 
Meaſure of the Angle BAC, and E I being a Quadrant' 
it is plain from the Figure, that E D is the Complement 
of the Quadrant EI: Laſtly, F G is the Meaſure of the 
Angle G CF, becauſe FC and GC are Quadrants, there- 
fore F H being a Quadrant, F G is the Complement, 
which is the Meaſure of the Anyle at C, therefore A C 
and the Angles at A ard C (by the Lord Napier) are 
always —_— their C 1 but the Comple - 
˖ - 


ments, . 
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ments of A Bis A H in the Triangle A G H, and the 
Complement BC is C I in the Triangle CI D; ſo that 


_— 


— 


the two Legs A B and B C including the Right Angle at 
B, are never Complements, but the Sine itſelf, or che 


Tangent itſelf. 
Six Spheric Triangles, the Sides and Angles are all 
ts. | : 


Every Circle paſſes thro' the Pole of the other at A, 
B, C and D. See Definition 6 

In the Solution of right angled Spheric Triangles, there 
gre always two Things given, beſides the Right Angle, to 
And out à fourth Term, in which the Right Angle is al- 
ways 
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weys ſet aſide, in being any of the Circular Parts, and 
conſequently doth not ſeparate the two Legs AB and BC, 


but are always ſaid to lye together. And of the Three 
Things or Parts concern'd in the Queſtion, one of them 
is always called the Middle Part, and the other two are 


called Extreams either conjuct, when they lye together, 


or disjun&, when they are ſeparated hy any other Part. 


Now in Order to know which is the Middle Part, ob- 


ſerve, if the Things given and required lye together, the 
Middle of them Three is the Middle Part, as ſuppoſe 


ACand AB were given, and Angle A required; here 


tecaule the Thirgs given and required lye together, An- 


gle A being the middlemoſt of the Three is the middle 


Part, or if A had been given, and A C, or A B ſought, 
the middle Part would have been the ſame becauſe they 
lye together. But when the Three Things concern'd in 
the Queſtion are disjoined, that which ſtands by itſelf is 
the middle Part, As ſuppoſe A B and A C were given, 
to find B Ct Here AB and BC lye together, (for the 
Right Angle at B makes no ſeparation) and A C is ſepa- 
rated by the Angle A and C which have nothing to do in 
the Queſtion, thereſore A C ſtanding alone is the middle- 


Part. The middle Part being thus known, the Solution of 
right angled Spheric Triangles are perform'd byrone uni- 


verſal Propoſition, viz. 


The Sine of the middle Part with Radius is equal to 


the Tangent of the adjacent Extream ; and with the Co- 
Sines of the oppoſite Extreams, That is, / 
As Radius, to the Tangent of one of the Extreams 


conjuct, ſo is the Tangent of the other Extream conjuct, 


to the Sine of the middle Part. 

Alſo, as Radius, to Co-Sine. of one of the oppoſite or 
di:jun& Extreams, ſo is Co-Sine of the other Extream 
disjun&, to the Sine of the middle Part. 

When the middle Part is ſought, then Radius muſt be 
in the firſt Place of the Proportion ; but if one of the 
Extream Paris be ſought, then the other Extream mult be 


in the Firſt Place, and Radius in the Second or Third. 


Place, it matters not which. 


2 X 3 Isftration 
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Iluſtration. 


In this Synopſis of the foregoing Triangle A B C, I 
ſhall ſet down the Quantities of each Part thereof, with 
their Complements, together with their Sines, Tangents, 


Sr. of each Part deſign'd as a Help to the young Stu- 


Mm 


dent for the right Underſtanding of this moſt Uſeful Par: 
of the Mathematicks. - 


3 OOO HIS 


| 
[ Sides and Angles. Sines. Co-Sines 

AC = 66* 31" o 1 9.6004090 

Sides. C B=51 32 co [9.8937452 917939307 

| AB = 50 o/ 52 |9.8852997 |9.8065773 

| Ang. $ © =$6 59 55 [aste 7378098 

"CA =;8 36 49 19.9312925|9.7166767 


| * 


| Tangehts. Co-Tangents. 


ry EAT 7 


AC 10. 6320437 9,6379663 

CB 10. 999135 9-9003459. 

AB 10.0787190| 9.92128 10 

C . [10.1849771 | 9 8150229 
| | A 102146157 | 9:7853843 


Tn the right angled Spherical Triangle A B C, I have 
Meyn Wig) B and Ne are Extreams conjun&, or ad- 


jacent to the Angle at A, and that A C and Angle A and 


C are always Complements: Therefore by the Fundamen- 
tal Axiom, or Cathelick' Propoſition, the Co- Sine of the 
Angle C, added to Radius is equal to the Co-Tangent of 
A C, added to the Tangent of CB, which is briefl 
expreſſed thus, viz. CS< C+R=CT, A C++ * 
CB, in Numbers, thus. 


Cs. 
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CS. C = 56® go! 559.7378698 
Radius 90 © OO = 10.00000C0 


Sum = nt = * 197375698 


CT, AC, = 66 31 00 = 9.6479563 
T.CB = $5132 Oo == 10.0999135 


— — — e ſame 


Sum = 109.7378698 as above, 


Secondly. The Angle A is the Middle Part and required, 
thereſore from the above Equation, this Analogy will ariſe, 
viz, | 


A R= T. A B:: CT. 4 Cs 4. 


Or, As R: CT. AC:: T. AB: CS. A, the Middle 
Part and Thing required: 


Again by the Second Part of the Fundamental Axiom: 
Let A C and CB be given, to find A B, here the Side 
Randing along is the Middle Part, tis an oppoſite Ex- 
tream, and this Equation will ariſe, viz. CS. At C + R 
== CSAB+CS. CB. Now becauſe one of the 

Extreams disjunct is the middle Part therefore the other 
Extream, viz, C B muſt come firſt in the Analogy, Ra- 
dius in the Second Place, and the Middle Part in the 
Third Place ; or Middle Part in the Second Place, and 
Radius in the Third, it matters not which, becanſe tis 
all one if we add the Second Term to the Third, if we 
add the thyd Term to the Second. Thus. 


ACSCB:R::CS:AC: CS: CB. 


Or, As CS CB: CS. AC: : R. CS AB. 
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| The Equation 1luftrated. 


CS. AC 66 317 = 9g.6004090 
Radius — 10 ooo 


— U — 


Sum —— 19. Goo oo 


CS. A B go gf 52" 9. 86058573 

CS. C B51 32 090 = 97038317 

Sum - - I .600 8 the ſame 
with the other above 9 


Note, When a Complement in the Proportion falls upon 
a Complement in the circular Part, you muſt take the Sine 


itſelf, or the Tangent itſelf, becauſe CS of C'S =. and 


C Toft CT = Tangent. 
Lluflratian. 


In the Triangle A B C, page 237. Let A B and Angle 
C be given, to find Angle A. This is an oppoſite or diſ- 


Jjunt Extieam, and C 1s the Middle Part, (becauſe it 


fands alone) and becauſe the other Extreams fall upon 
C38, the Angle A becomes a Sine for the Reaſon above. 
Therefore C S. C++ R=SA+CSAB. 


Analogy. 


As CSAB = 50? og! 52! - + 9.8065773 
To Radius + 90 co 025 10 0000020 
SaCS.C - 36 30 535 9.7378698 
To S. A 53 36 49 = 9.9312925 


" That this Work may want nothing to make it plain to 
to the meaneſt Capacity, I ſhall here put down the Equa- 
tions and Proportions of five adjacent, and five oppoſite. 
Extr cams, 


1:798 
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I. The Five adjacent Fætreams. 


In the Triangle ABC, pag. 237. 
Given, J oh 815 find C B. 


Equation, 8. CBT R= T. AB ＋ CT. C. 
Proportion, As R; CT. C:: T. AB: S. CB. 


2. Given, $ CB2 To find A B. 


Equation, S. AB+R=T.CB+CT.A. 
Proportion. As R: TCB:;CT.C:SAB, 


5 Given, 1 1 To find A C. 


Equation, CS. A+R=TAB+CTAC. 
Proportion, As TAB: R:: CSA. CT. AC. 


* ohen, FAC 8 To find C. 


Equation, CS. AC ＋ERS=C TAT CT. C. 
Proportion, As CTA; R.: CT. AC: CT. C 


5. Given, 3G * & To find AC. a 
Equation, CSC+R=CTAC+ETCB. 


Here the Reader muſt remember what has been taught 
before, viz. that the Radius being a Geometrical Mean 

ropor tional, between the Tangent of an Arch, and the 

angent Complem:nt of the ſame Arch: Therefore in 
any Caſe where Tangent or C T comes in the Fuſt Term 
of the Proportion, you may change it into the Second 
Place, and put Radius in the Firſt Place. As for inſlance, 
in the third adjacent Extream, the Proportion is there as 
T. A B to R: You may fay, as Radius is to the CT 
A B, and io of any other where Tangents come in the 
Proportion, | Qs 
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| Of the Five oppoſite Extream:, 


I, Given, 8 J To find A. 


Fquatim, CS AT RSS: C. 4s. CB. 
Proportion, As R S. C.: CS CBA C GA. 


2. oven, 9 6 8 $ Tofind AB. 


Equation, EEEA + Ke Ch Ch C8 43. 


Proportion, A CS C RCS AC: N Az. 


3. Given, 8 Ia Fro fd A C. 


Equation, ,AB+R=SAC+S.C. 
Propurtion, As 8, Ci AB R. AC. 


Here Co-Sines fall upon Co-Sines, therefore I take the 
Sines themſelves, | 


„ee 8 J re nd AC. 


Equation, CS, ACT R= CS, A342 C 
Proportion, As R Obs $$: CCCHtC 


Ct 


5. Given} C F Ted AB. 


Equatior, 8, AB4+R=$SAC+S, c. 
Proportion, as R. SAC SC: SAB. 


Loet the Young Student as he goes over theſe ten Ex- 
treams, draw Triangles upon his Slate, or on waſte Paper, 


and mark the Parts given and required, as expreſſed above, 


and this will greatly help him to the Knowledge thereof, 
What we have ſpoke hitherto has been of Sines and 
Tangents only, but if the Reader pleaſes, he may uſe 
Secants alſo; and fer the doing of this let him obſerve that 
in Fig, page 189, are theſe Proportions, viz. 4 
| 1. As 


8508 
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1. As the Tangent is to the Radius, ſo is th 
to the Co- Tangent. ew. 

2. As the Sine is to the Radius, ſo is Radius to the Co- 
Secant, 

As the Tangent of an Arch, is to the Tangent of 
an Arch ; ſo is the Co-Tangent of the latter Arch, to the 
Co-Tangent of the former, 

4. As the Sine of an Arch is to the Sine of an Arch, 
ſo is the Co-Secant of the latter Arch, to the Co- Secant 
of the former. 


EXAMPLE. 


In the firſt Cale of the oppoſite Extream, let it be re- 
quired, to work the ſame by Secants. 


Given, CB 51 32', 0 A go! 55. to find the Angle 
at 


Firſt, You. are to obſerve, that for a Sine in the Pro- 


portion, you muſt always add a Co-Secant and Contra, 
and in this Caſe it will be, | 


10.0771560 


As Co Sec. <C 56 50! gol! - 

To oy. go oo oo + 10.0000000 
So 51 32 00 = 97937317 
ToCSEA 58 36 49 - 97166757 


And in like Manner may any Analogy, conſiſting of 
Sines and Tangents, be perform'd with a Mixture of Se- 
cants, (Martin's Trigonometry, Vol. II, page 103) by in- 
verting and tranſpoling the Terms of Analogy. But theſe 
Things are more for Curioſity than for Uſe. 


2. The Defrine of Quadrantal Triangles. 


What a Quadrantal Triangle is, has been already ſhewn, 
and here is to be obſerved that the three Parts that lye 
fartheſt from the Quadrantal Side are Noted with their 
mplements. As in the right angled Spheric Triangle 

a the three Parts, viz, A C, Angle A and Angle C. 


* 
4 which, 
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*which lye fartheſt from the right Angle at B are Noted 
with their Complements; ſo likewiſe in the Quadrant! 
Triangle A C D. the three Parts, viz. A C, AD and 
Angle C A D being moſt remote from their Quadrantal | 
Side C D, a + Noted with their Complements, for D A 
is the Complement of A B to a Quadrant, and the Angle 
CAD is Complement of the Angle CA B to a Semi- 
circle or 190 Degrees. And here the Univerſal Propoſi- 
tion holds true, viz. that the Sine of the Middle Part and 
Radius is equal to the Tangent of the adjacent Extrezm, 
and to the Co-Sine of the oppoſite : Alſo the Middle Part 
is found by it ſtanding alone, as in che right Angle has 
been explained. 
For the Learners further Improvement herein, I ſhall 
| ſet down the Quadranial Eriingle with all it's Parts, as in 
the following Table. 


- Ji ſes 


_ — —_— .. — —_ 


Sides and Angles, 


„ — 


4 
, 
iy 


Lee 
ww» DOD =S 


S 


' 
9-7935317 9-8137452 
9-3137452.9 7939317 
985579579. 8059773 
9.95245 27 9.6504090 
9-9228440.9.737859 
9:38529071g.2065773 
9.7 1667079. 12935 
9.9312925 . 7166757 


93 
9:9228440[ 737869 


o O [10.0000000 


1. In the Quadrantal Triangle A CD, let C D A be 
09 of gau, and AC D 31* 23; 11), I demand the 


ide DA? 
© Equation, DRS DAT. 
Analogy. 
AstC 312? 23 i = 9g 7853843 
To Radius 90 o o - 19.00200Co _ 
So S. D 50 9 59 - 9 885 2967 
To ct DA 38 28 0 10. 0999124 
. 4 other Example Hall be of an oppoſite Extream, it 
en the NR oteat Triangle CD A. 4 
Let the Angle AD Che==50%g! 52", and AD = 
38 28), 1 the Side C A ? . ? 
Equation, 1. AC+R==:1CHeD. 
Analogy. [ 
As Radius 90 oo! ogff » 10.0000008 
To 8. AD - 38 28 oo -= 9.7938317 
Wü $638 - hon 
0 6 2h $67 
f + x 1 


\ 
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In this Triangle C D A, the-Side C A is a Middle 
Part becauſe it ſtands alone, being ſeperated by the Angle 
D AC, there'ore Radius comes in the firſt Place in the 
Analogy. And here the Reader may obſerve that all 
Queſtions in Quadrantal Triangles may de falved in the 
right angled Spheric Triangle ABC. Asfor inft-nce, in the 
laſt Queſtion where D and D A are given, to find A C. 
becauie CD and DB are Quadrant, the\Sidg C B is the 
Meaſure of the Angle D, and D A is Complement of 
AB to a Quadrant, therefore in the Trängle A B C, 
we know AB and BC, ard AC is required: From 
which this Equation doth ariſe, cs AC TR CS 
AB. CE. | 


Aralagy. 
As Radius 90 00! oo 10 09CO000 
ToCS AB 51 32 oo 9. 7938317 


80 8 BC 50 9 $2 9. 8065773 
To CS AC 66 31 o 9.6004090 


This gives us the ſame Anſwer you ſee as when it was 
ſolved in the Triangle CD A. Alll Spheric Triangles 
may be projected Stereographically, ard the Sides and 
Angles truly laid down and meaſured ; and in this Wok 
there are but three Kinds of Circles, cur. | 
1. The Primitive which is always drawn with tte 


Chord of 60. : 


2. A Right Circle, and this always paſſes thro' the 
Center of the Primitive, | cutting it at right Angles, and 
is the fame with the Diameter of the Primicive Circle. 
3. An Oblique Circle is that which neither lyeth in 

che Primitive Circle, nor in the Diameter, or Right 
Circle, but cuts them both at Oblique Angles, aud the 
Points of it's Interſection with the Primitive are always 
- oppolite, ſo that a Line drawn from one Inter ection to 
N will paſs throu h the Center of the Primitive 
ircle. 

All Degrees are laid upon the Primitive Circle by the 
Lire of Cho d. And lo any Qnantity of the Primitive 
\ Cizcle is meaſured by the Chords alſo, as 38 28* Hom Z 


10 F in the following Scht. ng 


1 „ Ay 


* 
- 


N 
we FLY — — py —_ 
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Any Quantity of a right Circle, 3 HO, Æ c. 8 P, 
tc. is meaſured by the half Tangents ; and the Degree 
that an Oblique Circle makes with the Primitive, are laid 
down by the Secants. > a 3 

And by the ſeveral Parts of Oblique Circles, or their 
Angles are meaſured, by-reducing of them to the Primi- 
tive Circles from their Poles, 1 | 


- 


— 


III. Of O3lique Angles S pheric Tri angles. 


A7 RITERS * this Subject generally reckon twelve 
Cales, the :en firft may be reſolved by the Uni- 
verſal Propoſition ; if rſt the Oblique Triangle be reduced 


into two right angled Spherical Triangles, which, may bs 


done by leiting fall a Perpendicular, which will ſomes 
times fall within, and ſometimes without the giveu Tri- 
angles, and to know when it will fall within, and when 
without, obſerve. dez 


4 


Y 2 Tet 


* 
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Loet the Perpendiculer fall from the End of a given Side, 
being adjacent to a given Angle, Whether the Perpendi- 
cular fall within of without the Triangle, it muſt always 
be oppolite to a known Angle. And the P r 
thus let fall, either divides the Oblique: Triangle, 
AEF into two right angled Triangles, A Z B, B Z pP, 
or produces two by adding of one to it ADP, and Z Dp, 
* of one right angled Triangle Z DP, to the 
lique-anyled Triangle A Z P firſt given. If in the 
ObſiqueTrimpte K Z , there be gñven AP. Z P, and 


AZ F, to find AZ, here the Perpendicular Z B 


be let fall to be of any Service in this Caſe, therefore the 
Perpendicular muſt fall without the Trapgle; 3. AE, or 
PD; for in the Rect-angle Triangle AEZ, AZ may be 
found, or if the Side A Z be continu'd to D, till A Z D 
1 Qundänt, and let fall the Perpendicular D P, ſo that 
may paſs through the Poles of the two ue Circles 
21 F And G, n and APD will beright ; then 
in the Rect-anglec Triargle Z DP, Z D may be found, 
Which is the Complement of AZ to n Ogadrabt. And thus 
by! forming of other Trladgles adjacent to the given Ob- 
lique one, may the Things required be found: As lor in- 
Kance, in the Oblique angled Spherical Triangle; let there 
given AP = 90, ZP= 48" 28', and the Angle 


be 
AZP == 150® to nd AZ ? Therefore in the right angled 
Spheric Triangle ZDP, it will be; 


As ct ZP — 382 28% « 
To Radius 90 oo - , 10.0000000 


10 0999135 


So FZD 30. 60. 


| 9 9375306 
Tor, Z D — 34 32 


97837071 


Now A D = 90 — ZD = 34 gain AZgS" 28! as 
was required. Or it may be ſound in the Triangte A E., 
for there is given BZ =519.321,/and the Angle AZ A 
== ZO, it being the Complement of the Angle A Z P, to 
a Semicircle, therefore I ſay, -* | 


As f, EZ = 51 31 100999135 
Jo Radius = go o - 10.000:000 
So EEA = 30 co - g.9375306 


-ToctAZ= 55 28 9.8376171 the ſame 


as before, And for the Benefit of the young 1 
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ſhall here ſet dowon all the Parts of the Triangles A Z P 
and alſo of it's adjacent right ones A A Z and Z DP. 


1. Ta the Triangle AZ P. 


8982 

ZP = 38 28 | | | 

2255 28 2 
AZP = 150 oo | x 

APPZ = 24 19 ZP D= 65? 4ut 
PAZ == 18 07 = DP. 


2. In the Triangle A K Z. 


AZ = 54® 321 

AZ = 55 28 
"AA — 24 19 
AEZ = 90 00 | 
A AG” = 30 09 . 
AZ == 71 53 
In the Triangle Z D P. 

27 38 28! 

2 D == 2 2 

p D 3 18 | 

LDP = 90 OS 

Z PD — 65 41 1 


. * g f 4 

There are ur Axioms, by which all the Caſes, com 
are called 1 2, o Oblique Spherical Triangles are ſolved, 
which are thelc: 4 5 
Arien t« As the Sine of a Side; is to the Sine of it's 
oppolite Angles, ſo is the Sine of another Side, to the Sins 
of it's oppoſite Angle. Or, as the Sine of an Angle is to 
the Sine of in's oppoſite Side, ſo is the Sine of another 
Angle, to the Sine of it's oppoſite Side, 


Axiom 2. As the Sine of half the Sum of two Sides 


including an Angle, is to the Sine of half the Difference, 
ſo is the Co-Tangenrt of half the contain'd Angle, to the 
Tangent of half the Difference of the other two Angles» 
—_ Y 3, 2. As- 


? 
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2. As the Co- Sine of half the Sum of two Sides, im 
ciuding an Angle, is to the Co-Sine of half their Dif- 
ference, ſo is the Co- Tangent of half the included An- 
gle,” to the Tangent of half the Sum of the other two 
. 

Axiom 3. Firſt ſay, As the Sine of half the Sum of 
two Angles, is to the Sine of half the Difference, ſo i the 
Tangent of half their interjacent Sides, to the Tangent of 
half the Difference of the other two Sides. This reſerve, 
and ſay again, + Ta | 

Secondly, As the Co- Sine of half the Sum of two Angles 
is to the Co-Sine of half their Difference, ſo is the Tan- 
gent of half the interjacent Side, to the Tangent of half 
the Sum of the other two Sides, which added to the firſt 
Arch juſt now found, gives the Anſwer- This ſhall be 
more tally explain'd in the next Chapter. | 

Axiom 4. As the Rect-angle of the Sines of the two 
containing Sides, is to the Square of Radius, ſo is the 
Re&-angle of the Siges of half the Sum of the three Sides, 
and of the Difference of the Sides oppolite thereto, to the 
Square of the Co-Sine. of half the contain'd- Angle 
Joughr. A 

Theſe four Axioms comprehend the whole Buſineſs of 
Spherics z yet by Help of the Catholick Propoſition in 
ReR-angular Triangles, add the-Homogenea/ in the Oblique, 
the four Axioms will be much ſhortned and made plain and 
_ ealy to the meaneſt Capacity. 

When the Perpendicular is let fall in, or without the 
Oblique Triangle, proceed to find what you are ſ{ceking, 
in one of the right angled Triangles, which being done, the 
Next Thing is to proceed to-a ſecond Analogy, thereby to 
ind the Anſwer to the Queſtion, and this is eafilie t done 
by the two: Homegeneal Parts, or Things of the ſame Kind 
in each Triangle, by comparing them with the Vertical 
Angles, or with the Baſe, for they are proportional. As 
ſuppoſe in the Triangle A Z P. the Perpendicular Z B re- 
duces it into two right angled Triangles, A B Z, and 
PB Z., I ſay. that in the Sines and Tangents of the Cir- 

cular Parts, it will be, as A B: A; BF; P. far by the 


Is 


—_ IS — 
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ABZ tBZ:R::SAB:ctA 
1 3 Z BP 5 As . B Z: R: 28 BP: P. 
Therefore, AsSAB:ctA::SBP:crP. 


Thus you ſee that having found according to the Con- 
dition of the Queſtion a Vertical Angle, or Baſe in the- 
firſt Operation, you muſt next proceed fo order your ſe- 
cond Proportion aright among the Homogenea! Terms; as- 
Baſe, or Hypothenuſe, c. compare the Perpendicular 
with each Homogeneal Term, whether it be given, or requi- 
red in each Triangle, to diſtinguiſh between the Middle 
Part ind the Extream, and to fit the artificial Sines and. 
2 to them- accordingly. Then reje& the Perpen - 
dicular and Radius in each Compariſon ; the Middle Part 
and Extreams in one Triang'e ſha:l be proportional to the 
Middle Part and Extreams in the other. 


EX AMF L E. 


In the Triangle A Z P, let chere be given the Angle 
APZ =24* 19), AP = got, and P Z = 382 25', to- 


find the Angle Z AP ? 


Solution, 


Let fall the Perpendicular Z B, ſo that it may paſo 
through the Pole of the Oblique Circle P B 8, at G, and 
then it will be at right Angles to AP, and reduce the 
Oblique Triangle A Z P into two right angled Triangles 
ABZ, and P BZ; Now in the Triangle PB Z. we 
have known BP Z, and Z P, as above, to find B P, 
the Segment of the Baſe A P, and Angle B Z P, of the 
three Parts, BP, P and Z P; P is the Middle Part, 
becauſe it is an adjacent Extream, therefore c ÞP R= 


BETZ F, Aa 


* * 
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A Analogy, For B P. 


As t Zz P 


= 38* 28' - 10.6999725 

To Radius = 90 (o = © 10,0000000 
Sos Þ = 24 19 - g9.9596535 , 

Ter BF = 35 54, .- 98557400 


From AP = 90 oo 


Remain AB = 54 06 


Secondly, For the ſecond Aralogy we are to confider 
where the Homogeneal Parts lie in each ReQ angle Trian- 
gle, therefore | make Uſe of the Perpendicular Z B in both 
Triangles, then it Z B, BP and Pbe the three Terms, 


it is an adjacent Extream, and B P is the Middle Part, 


and conſequently is a Sine, and the Angle P is r. 
Again in the Triangle A B Z, I make Uſe of the Per- 
ndicular Z B, A B and the Angle A, here the three 
hings made Uſe of lie together, and A Bis the Middle 

Part, Angle A (which I am ſecking) is an Extream cong 

junR, and is #4. I herefore I ſay the Homogeneal Parts 

areP, PB, BAand< A, now according to the Catholic 

Propoſition, becauſe A B and BP are Middle Parts, they 

are Sines, and the Angles at A and P are Co-Tangents, 

and conſequently are Things of a like Nature. Theſe 

Things being known it will hold; n 


As S8. BP 35 54! Co Ar. o. 2318 265 
Tot 24+ 19 10. 3449888 
80 S. AB/- 54 6  - 9 508 50% 
To ct CA. 18 7 — 100.4853226 


And by the ſame way of Reaſoning may the firſt Ten 
Caſes, (as they are- called) be reſolved, whether the Per- 
pendicular be let fall within, or without the Triangle. 


Avi of the firſt Ten Caſes. "See Fig. page 249- 


Caſe 1. Given <A, APandZP, to find CTL. This 
is ſolved by Axiom 1. MS 3 

Caſe 2. Given, C A, <P, and Z p, to find A Z. 
This is folved by Axiom 1. | 14 IX 


* 


Caſe 


ws »4 


CE a ee ne deci e-. ;.  On 


cc 


Caſe 3. Given Angle A, A Z 2 Z P D . 

The Perpendicular is let fall from the obtuſe nos 1.7 P, 
_ the Triangle, and is ſolved by the 1-::ogeneal 
Parts. | 

Caſe 4. Given Angle A, AZ and Z P. e Hd AP, 

bo Perpetidicular is let fall from Angle Z within, as in 
4% 3. f 

| e 5, Given Angle A, AZ and AP, to find Augl P. 
The Perpendicular falls as in the 3d and 4th Cafes. 

Caſ: 6. Given Angle A, AZ and AP, to find Z P. 
The Perpendicular falls as in Caſe 3, 4» and 5 

Cafe 7. Given Angle A. Angle P. and AZ, to find 

AP. The Perpendiculat falls as in Ca/e 3, 4, 5, 6. 

Caſe 8. Given Angle A, Angle P, ani A Z, to find 
Angle Z. The Perpendicular falls as in the 3d Ca/e, &c. 

Caſe 9. Given Angie A, Angle P, and Z P, to find 
AP. The Perpendicular falls without the oblique A 
AZ P, vix. by continuing the Side A Z to D a Quadrant, 
then from D let fall the Perpendicular DP; to paſs thro” 
G the Pole of the oblique Circle 8 AP; Therefore the 
firſt Propoſition will be, 

As. R 1 CZP D.: ZP: ect <PZD. Subtract 
from 180 C AZ P. Then ſay by Axiom 1, 

8 CA: SZ P:: 8 C Z: SAP; 

Caſe 10. Gives Angle A, AZ, and Angle & Z P, to 
find P. Continue the Side PZ to and tis then a 
Quadrant, draw A A, therefore in the right angled 10 
rical Triangle A Z, there are known E Z 4, it be- 
ing the Complement of the Angle A Z P to 180, and 
A Z, to find A, which is the Meaſure of the Angle 
A PZ, becauſe A P and A P are Quadrants ; The Angle 
A AZ is allo known, it being the Complement of the 
given Angle Z AP to a Quadrant, then for AA = An- 
gle EP A, fay by the firſt Axiom, 


As Radius —— 90 O! — TO 0000700 
To S AZ — 55 28 —— 
SOS. MZA = 30 0) — 9.989700 
To S. Z£A==APA 24 19 — 
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Caſe 11. C iven, The Three Sides, to find an Angle. 


Here the Perpendicular Z B fa'ls within the given Tri. 
angle A Z P. from the obtuſe Angle Z upon the longeſt 
Side A P, the Baſe as has been before directed. Then, in 
order to a Solution of this Caſe, * | | 

Firſt, Take the haf Sum of the Baſe AP. | 

Secondly, Take the halt Sum of the other two Sides, 
viz. AZ and Z P. 

Thirdly, Take the half Difference of the two ſhorteſt 
Sides, viz. of AZ and Z P, 

Ihen ſay, As the Tangent of half the Baſe or longeſt 
Side, £2. 4 P, Is to the Tangent of half the Sum of the 
other two Sides, So is the Tangent of half the Difference 
of the two ſhorteſt Sides, viz. AZ, ard Z P, To the 
Tar gent of half the Difference of the Segment of the Baſe, 
i. e. Diſtance between the Place where the Perpendicular 
cuts it, and the true Middle of the Baſe, u hich added 
to the half Baſe, gives the greater Segment = AB; but 
ſubtracted from half the Side or Baſe A P, gives the leſſer 
Segment = BP; then if you would find the Angle in- 
cluded between the Baſe and the greater Side, lay, as 
Radius to:the Tangent of the greater Segment of the Baſe, 
ſo is Co- Tangent of the greater of the two leſſer Sides, to 
the Co-Sine of the age included between the Baſe and 


. \ , the greater of the two leſſer Sides. 


But if you. would find the Angle at the End of the Baſe 
adjacent to the leſſer of the two other Sides, then ſay, in 
the Second Analogy, | 

As Radius to the Tangent of the leſſer Segment, ſo is 
the Co-Tangent of the leaſt Side, to the Co-Sine of the 
Angle included between the Baſe and the leſſer Side 


* 


EX AMP L E. 


In the Triangle AZ p, Let AP= 90, AZ = 330 287 
2 231 28, hat are the Angles ? | 


| Operat ion. 


TCR ST TE ed 
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Operation. 
Bafe AP = 90? 
Half = 45 
AZ = 828 AZ = 55 28' 
2 == 38 28 LP = 38 23 
Sum = 93 36 Dif. = 17 Oo 
F "==>40 $8 | .3 30 
| New ay, 
As t. + Sum Baſe 45 co! Co. Arith. 9 9999999 
To 7. 4 Sum Sides 46 58 . 10 0298376 
So t 4 Diff Sides 8 30 - 9.1744988 
To t. 4 Diff -eg. 9 6 - 9.2043 363 
4 Bale — 45 oo 
Sum, greater 8eg 54 6 = AB. 
Diff == leſſer S:g. 35 54 = BP. 
Secondly, For the Angle Z AP, 
As Radius = 90 co! 10 000:000 


Tot AB == 54 06 


| 10 1403339 
So Ct. AZ = 5s 28 9.370756 
To CS. TA = 18 05 9 9780094 
Lal), For the Angle A PZ. 

As Radius = 90 080 io. oooοο 
To t. BY = 35 54 9-85 99561 
S0 Cre ZT = 38 28 10.c999135 
ToCS.<P = 24 20 9 9595750 


Lnether way to erb this C aſe. 


Take ha'f the Difference of -the two Sides, containing 
the required Angles, and add to it half the Side oppoſite 
to the Angle required, alſo ſubtract it from the lame, 
Noting the Sum and Difference ; Then ſet down the two 


Sides 


— 


= 
7 
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Sides containing the required Angle, and to them the Co- 
Arith, of their Artificial Sine, and under thoſe the Arti. 
ficial Sines of the aforeſaid dum and Difference, the half 
Sum of theſe Logari:hmcic Sines, ſhall be the Artificial 
Sine of half the Angle required. 

Or in the firſt Part of the Work, which is better, from 
the half Sum'of the thie: tides, ſubtract the two Sides in- 
cluding the Angle required, theſe Differences will be the 
ſame wich the Differences gained by the firſt Part of the 
Rule above. With which Work as has been taught, and 
the true Anſwer will come out, as will appear in working 
the laſt Example over again. 


The Wark fland: thus, 


In the Triangle A Z P. Given, the three Sides, to 
find the Angle ZAP? 


| ? AP == 90 oo 
vids icing <Z ar 545 28 
Difference * | 1 Ong 
Half p = 17 16 
2 P = 38* 28/ Half = 19 14 
WEE > 26-30 
Difference | * -- — 1 58 


Or, Srondly, Thus, 


AP , * 00! 
42 55 28 
ET 386 286 


Differ, — 1 58 Differ. = 36 30 | 


? | | * 8. AF 


1 


ws = Pe & + 1 wo 


—— — ä—uZ— — 2 —Uä42kʃ . 
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8. AP = 9e® co' Co. Arith - 99999999 
S AZ = 55 28 Co- Arith. 00841799 
8. D 


Differ. = 36 30 97743876 
8. Differ. = 1 58 8.5355228 
Sum = 18 3940902 


Half 8s = 9 34 9.197045 1 
Doubled = Angle ZAP = 189 7. g 


N - — * 1 —— — 
— — 22 _ * 
. — — ——— - <0 
—_—_ - - WERE Fs TA 
— : — . . 


Secondly. For the Angle AP Z the Work ſtands thus: 


ren 


N 


AP = go? oof 


— 3 


A'Z. = 55 28 4 = 

A —— 38 28 v7 
—m 0 

Sum = 183 56 0 8 

Half = gi 58 Again 91 g$k 1 

AB == 90 oO 2 P == 38 28 8 

Dif, = 1 58 Diff, = 53 30 1 

8. AP = go? oo! C. Ar. 9. 9999999 

S.ZP = 38 28 C. Ar. o. 2061683 

8. Differ. = 53 30 9 9031787 | t 

8. Differ, = 1 58 8.5355228 th 

Sum _ = 18.6 468697 

Half '= 8. 12 91 9.2 233448 


Double = 24- 19 = < APZ, as before. 
Caſe 12, Given, the three Angles to find a Side. | 6 


This is juſt the Converſe of the 11th Caſe, and may be 
reſolved in the ſame Manner, for if either of the Angles 
adjacent to the Side required be turn'd into a Side, (that 
is only taking it's Complement to 180) the Work is the 
very ſame as in the x1th, Caſe, as I ſhall make more clear 
by Example. Let the three Angles of the A AZ P be as 
befqre, viz, A 18% 5, Z 1509, and P 24 19', I de- 
mand the Side AZ? Firſt I ſhall turn the Angles ad- 

| - "thy jacent 
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jacent to the required Side, viz. A and Z into Sides, by 


taking their Complements to 1 809. 


Now jee the Work. 


= 160® 53' Angle Z= 30? oo 
Angle 3 Z = 150 00 Angle AmZ2B 7 


X = F 11 33 
Hane, = 0 Half = 8 36 
== 12 91 


Half Angle oppobite to AZ 


Or find the Requilitez thus, as in Caſe 11. 


Z 3 300 oo/ 
Angles 25 = 24 19 
N 7 


AZ 10 
Sum 72 26 
Half - 36 13 Again 36 13 
Angle 2 = 30 oo Angle A= 18 7 


—— — — — 


* 1 13 X = 18 6 


Here you ſee the Requilites are the ſame with the other 
Method above. 


S. Angle Z = 302 co! Co Ar. 0.3010299 
8. Ao A= 18 07 Co. As o. 5072064 
8. X == 18 6 — 94923083 
8. X == 6 13 90345825 


Som 119.3352261 
Half Sum 5. 27 441 9.076130 
Doubld = 55 27 = A Z, as was required, 


Laſtly, Let the Angles be as delore, and the Side AP 


F requires 1 


St 
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See the Merkl. 
Angle Z turn'd into a Side = 430* oo! 


- Angle? = 24 19 
Angle A wi..." 9 


j — — 
Sum - - 72 26 | 
Half - - 36 13 Again 36* 137 
A 2 18 7 Angle f 21 19 


x = - 1 X=n $4 
S. Angle P = 24* 19! Co-Ar. 0.3953333 : 
S. Angle A== 18 7 Co Ar. 0. 5073054 
8. X = 11 54 = 93142975 
S. N = 18 94923033 
Sum - - * 6992465 
Half Sum = 8. 45 oc : 8496232 
Doubled = 90 oo==A P as was required. 


Note, If to the Ce-Arith. of the 8 nes of the two An- 
gles adjacent to the Side required, you add the Sine of _ 


half the Sum of all the Angles, and the Sine of the Dif- 

ference between half Sum ot th: Angles, and Angle op- 

polite to the Side required, half the Sum of theſe Lo- 

2 Sines will be the Co-Sine of half the Side re- 
uired. 

J I ſhall conclude Spherics with the Solution of two ex- 

traordina ry Caſes. | | 


Caſe 1. Given, Tuo Sides with the Angles oppoſite them, to 
fund the other Side, | 


Th: Celebrated Mr Edmund Gunter gives this Rule. 
As tne Sine of half the Difference ot the given Angles, 
to the Sine of half the Sum of thoſe Angles, ſo the Tan- 


gent-of half the Difference of the oides, to the Tangent 
of half the Side required. | 


— 
= 

: 
— - — — — _ 


1 
- 5 — — — 
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EXAMPLE. 
In the Oblique Spherical Triangle AZP, page 249, let 


there be given ZP = 38® 28', AP = 90®, Angle A = 
18 7! Angle Z = 1509, to find the Side AZ? 


Operation. 


<Z = 1502 00!» 1509 oo“. A Po oo! 
<A= 18 07 — 18 bo any 2 P38 28 


Sum = 168 o X = 131. 53 53 X = 51. 32 
Half = 84 034 Half = 2 501 1 25 46 


New ſay, 


As $.3X< < = 65 56! 30" Co-Ar. 0.0394669 
To 8. 4 their Sum 84 30 9.9976606 


So T. £ X Sides 25 2 * 4 8886783 
T0 T. 4 + Side 32 27 - 9.7208063 
| Doubled = A =55 28 $20 was required. 
Caſe 2. Given, Two Sides with the Angles oppoſite to . 
te find the other Angle. 
RULE, 


As the Sine of half the Difference of the E Sides, 
to the Sine of half the Sum of thoſe Sides, ſo the Tan- 
gent of half the Difference of the given Angles, to the 
W of half the Angles required. 


EX AMPLE, 


In the Oblique Triangle A Z P. let A P be 90, 2 P 
38 28), 1 187 8 
the Angle AP Z? 


3 Operation. 


J 


Operation. © 


AP= o oo 90 od) Z= 150% os! 
LP = 38 28 33. 28 A=18 o7 


" pt 51 32 Sum 128 28 & 131 53 
Half =25 46 Half 61 14 Half 65 567 


Nom ſay, 


As 8. 4 X Sides 25% 461 Co-Ar, 0.361803r 


To S. + their Sum 64 14 9.9545 184 
So f N - 6g 564 = 10. 3502280 
To ct. of F<P 12 9 4c"! 10.665495 
Doubled = <P 24 19 20 


Caſe 3. In the Triangle AZP. Let AZ = 55 287 
ZP 38% 24” and the Angle included, viz. A Z P 


== 1509, I demand the Side AP? 


The Perpendicular here is E A, by which means the. 


Ob'i zue angled Triangle AZ P js reduced into two rights 
angled Spherical Triangles, viz. AEZ, and A EP, both 
right angled at E, now in the Triangle ate given AZ 


== 55* 2%, end the Angle EZ A = 30 ; it being the 


Com. lement of the Angle AZ P to a Semicircle, to 


find EZt By Tranſpojition 1 fay, | 


As Radius oo oo! - 10.0:00:09 * 
To t. AZ — 85 23 10.162324 
So . C Z A 30 oo 9.9375305 


To t. AZ = 51 32 10.099855 
Add ZF — 38 28 ne 


Sum EP = 90 00 


Now 'tis plain from the Projection that AP & p, 


d conſequently AP is found without any further Cal- 


ens 34 be a Quadrant allo, 
But, Secondly, If in this Caſe, we ſuppole AP < P, and 


Z P to be given, to find A Z, the Perpendicular ZB 


will fall within the Triangle, then proceed to find the 
2 3 Segment 
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Segment of the Baſe PB, and then the Side A Z will 
come out as has been taught above. 

The Verſed Sine of an Arch is the Segment of the Diame- 
ter cot by a right Line falling perpendicular upon it, from 
equal Parts in the Circumference, and number'd in the Dia- 
meter With 10, 20, 30, 40, Cc. to 180. Therefore the 
Natural Sine of any Arch taken from Radius will leave the 
Arithmetical Complement, or Verſcd Sine of that Arch's 
Complement ; thus the Natural Sine of 40® 64 27876 ſub- 
trated from Radius = 10.000000 the Remainder — 

3572124 is the verſed Sine of 50, alſo the Natural Sine 
| 356005 == $660254 taken from Radius 10.0000c0 leaves 
1339746 the verled Sine of 30®, Sc. And for Arches 
above go we need no Natural verſed Sines, becaufe the | 
Natural Sine of any Arch exceſs above 90, added to the 
Radius, is equal to the verſed Sine of the {aid Arch; thus 
the Natural Sine of 40 = 6427876 added to Radius 
$0.0000Cc0 = 1642787 = to the verſed Sine of 1309, 


Allo the Natural Sine of 13 = 2249511 


Added to Radius == 90 '== 10000000 -- 
Verſed Sine of 103 = 12249311 
Again, The Natural Sine of 19 321 41 267585 
Add Radius = 90 CO — 10000000 
| Verſed Sine of 91 32 =. 10 267585 
i Tue Excellent Uſe of theſe verſed Sines will appear by 


* the following Examples, for in all donbtful Caſes where the 
Thing ſought is more than a Quadrant, here it is ſeen at 
one View, for if the Sum of the Logarithms exceed Ra- 

- | gius, then the Side or Angle enquired after, is greater than 
a-Quadrant, but if the Sum of the Logatithms be leſs than 
Radius, the Thing fought is alſo leſs than go, or a Qui- 

| rant. | | 
=. . | Theſe verſed Sines are of great Uſe to calculate the Di- 
ſtance of Places on the Earth, according to the Arch of a 
great Circle, by having given their Latitudes, or Longi- 
tudes. Or the Dillance of two Stars may be exactly 
- found, or the Latitude of a Place may be had by the w_ 


Of Oblique Spherical Triangles. 265 


tude of two Stare, or Sun, by knowing the Azimuth 


or Difference of right Aſcenſions. 


EXAMPLE. 


In the Triangle A ZP, page 249, there are known 


AZ = 55 281, Z = 38“ 28 and the included 
Angle AZP = 150 to find the Side AP? 


RULE. 
As the Cube of Radius, is to the Rect- angle of the 


Sines of the comprehended Sides, ſo is tue Square of the 


two given Sides, and of the Double of half the given 


Sine of half the contain'd Angle, to haf the Difference 
of the verſed Sines of the third Side, and of the Arch of 
the Difference between the two including Sides. 

Which is thus, ſet down the Logarithm Sines of the 


Angle, the Sum of all three Logarithms ſhall be the Lo- 


_ garithm Sine of an Arch, then take out of the Tables the 


i 


Natural Sine of this Arch, and double it, to which add 
the Natural verſed Sine of the Difference of the two given 


Sides, this Sum is the Natural verſed Sine of the Side 


ſought. * 
Operation. 
- The AZ = 55 281 L. Sine 9g.q9158200 
Sides. 2 ZÞP — 38 28 L. Sine 97938317 
+ given < double L. Line 75% 109.9698876 
Log. Sine of 28 34 |  9:6795393 
Natural Sine of 28 34 Dobble = 9563620 


X given Sides 17 oo V. Sine = 0436952 
The Side AP 90 oo V. Sine = 8 


| EXAMPLE II. 


Given A · 90⁰, Z P 380 28% and the Angle 
ATZ = 24* 19', required A Z+? 


Operation, 


— 


* by 2 
— * 


3 ge 


10.000572 


#] 
4! 
8 

. 
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Operation. 


The SA Z = 90? co Log. S. 10 0000000 
* Sides. 2 Z P = 38 28 Log. 8. 97938317 
Half Given C129 4 doub. Log. S. =48.6469740 


.Logarithm Sine of 1- 33 = 8. — 


\ Natural Sine of I 35 == Doubl. = 582618 
X given Sides 51 32 == V. Sine = 3779407 
The Side A Z = 55 28 = V. Je = 4332025 


EXAMPLE Ih 


Given, AP = g0*3 AZ =55® 28, and the Angle 
ZAP = 18® 6G), required Z P? 


0 Operation. 


AP = g0® oo! Log. $, == io. coooooo 
Sides 3 Z A= 55 28 Log. 8. — 949158209 
Half given C 9 3+ doubled = 18.3934392 
Log. Sine of - 1 10 - 8.3092 592 
N. Natural Sine of 1 10 double = 9 407216 5 
X given ＋ 25 = 1 32 V. Sine = 1762035 
| The Side ZP 28 V. Sine 2162035 
If you would find the Verſed. Sine of an geek on Angle, 
See 200. | | 
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CHAP VIII. 
Of ASTRONOMY 


DEFINITION, 


STRONOMY is deriv'd from two Greet 
Words, viz. Aer, a Star, and Nomos, a Law, or 
Rule. It is a Science which by infalliable Demonſtration, 
\ teaches us the Motions, Diſtances, and Magnitudes of the 
Heavenly Bodies; their Revolutions, Anomalies, Aplelions, 
Ecrenericilies, Elongation; and Parallaxes of the Planets, 


Eclipſes of the Luminaries, Octultation of the Primary - 


Planets and fixed Stars by the Moon. As alſo the Riling, 
Culminating, Setting, and Amplitudes, and in ſhort what- 
ever belongs to the right\Underitanding of the true Syſtem 
ol the World ; (See my Uranoſcopia.) Of which there 
are Eight ſeveral Sorts, (but only one true), of which I 
ſhall firſt give a ſhort View. | | | 
1. Plats the Divine Atbenian Philoſopher, travelled into 

- Egypt and there learned 4/ronomy, about 420 Years be- 


fore Chriſi, invented a Syſtem, in which he makes the 


Earth. the Center of the World immoveable, ſurrounded 
by the Air; next abdut that imagines the Element cf Fire; 


then the Sphere of the Moon next a above the Moon, 


the Sun ; then Mercury; then the Orb of Venus next a- 
bdve her, Mars; then Jupiter, then Saturn, and above 
Saturn the Fixed Stars. 

2. Auna Dom. 135, Flouriſhed the Great Pro/omy ; there 
is a Syſtem goes by his Name, which has the Earth placed 
ia the Center of the Univerſe immoveable ; This he ſuppoſes 
is ſurrounded by Air, and the Air to be ſurrounded by the 
Element of Fire, next above this the Sphere of the Moon, 
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next abo the Moon is the Orb of MAercury, then Venus, 
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then the Sun; next above the Sun the Orb of Mays ; then 
Jupiter, and the higheſt of all the Sphere of Saturn ; and 
he here ſuppoſes all the Orbs to be ſolid, and the Fixed 
Stars ſurrounding them all. 1 
3. Porpbyrius, a Follower of Plato, Flouriſhed 375 
Years after Chrif, agreeing with Plats in all Thirg', 
only in this, he placed Venus next to the Sun, and Mer- 
cury between the Orbs of Venn, and Mars, theſe three 
Sy ſtems are all comp ſed of ,Concentric Circles. i NNN er 
4+ The Egyptian Syſtem was embraced by Virtruv iu“, 
Martianus, Capella, Macrobius, Beda, and Argol, about 
the Year 1638 ; this Syſtem is compoſed of Eccentric 
Orbs, for they make the Earth fixed, and the Center of 
the Moon, Sun, Mars, Jupiter, and Saturn, and the 
Fixed Stars 3 but the Sun the Centerof Venus, and Mer- 
cury interſecting the Sun's Orb twice, if this Syſtem were 
true, tis poſkble they would meet the Sun in his Way, 
what would be the Conſequence of ſuch a Salu tation is 
well known to Aſtronomers. | 
$: In the Year 1572, Flouriſhed Tycho Brake, a Dean 
and Lord of Knud/borp, in the Iſland Schonen; He con- 
trived a Syſtem as a Mean between the Pto/omaick, and 
Copernican, in which he ſuppoſes the Earth fixed in the 
Center of the Univerſe. Concentric to which is firſt the 
Sphere, or Orb of the Moon, next that of the Sun's An- 
- nual Motion; then the Sphere of the Fixed Stars, the 
© Sun being the Center of the other Five Planets, The 
. \  Orbof Mar's interſecting the Sun's Orb twice, and in op- 
pPoſition is nearer the Earth than the Sun itſelf, and Saturn 
and 7#piter in Oppoſition, are nearer the Earth than 
Venus is when in Apogeon: The Orbs of Venus and Mer- 
eury are drawn as it were two Epicycles to the Sun's Orb, 
both of them interſecting it twice; now according to this 
| it is poſſible for the Sun in his Way to meet with Mars, 
| (like two Coaches in a narrow Lane, or Street of the 
1 City, when there is not Room ta paſs) the Conſequence 
of ſuch a Joſtle, I leave to be diſcus d by Aſtronomers. 
6. Jobs Baptiſ Ricciolus, of Perrara in Italy. about 
the Year 1651, broach'd a New Syſtem, in which he makes 
the Earth the Center of the Moon, Sun, Jupiter, Saturn, 
and Fixed Stars, all moving round her and ſhe at reſt ; and 
| 


the Sun moving round the Earth, he makes the Center of 
wel | Mercury, 


, 
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Mercury, Venus, and Mars all 2 round him, in 

which the Orb of Mars cuts the Sun's Orb twice, he has 

2 four Satellites, and the two hindermoſt of 
aturn's. | | 

Theſe two laſt Syſlems ne the Heavens, or Ethe 
rial Region, to be pervius, fluid, and of a thin, liquid, 
and tranſparant Subſtance, like the Air we breath in, but 
more pure, and not conſiſting of ſolid Orbs, as the Peri- 
patetics, and thoſe of the Prolomaic Schools affirm, 

7. Roflinus publiſhed a Syſtem at Nuremburg, in the 
Year 1661, a ftrange Piece of hotch-potch Stuff, made up 
of an unaccountable Quantity of Eccentric Circles, bear- 

ing no Teſtimony of Truth, and not fit once to be named. 

Thele Syſtems are all exploded. 

8. Laſtly, We come now to the molt celebrated, and 
at this Day, moſt generally received, Myndane's Syſtem, 
named trom ic's Reviver, Nicholas Copernicus, a Native of 
Thorn in Poliſh Pruſſia. He was born 4% 1473, died 
Anna 1543, only fee the firſt Sheet of his Works printed, 
as faith Fontinelle. This Syſtem was firſt invented by 
Pythaguras, 50 Years before Chriſt, (ſee Mercus Me- 
nelius) the Reaſon we don't give Cepernicus place accord- 
ing to his Time, is, becauſe we would ſpeak ot that laſt 
which will be moſt laſting, or durable. For in this Syſtem 
we ſee as in a Glaſs, the Beauty of the ap diſplay'd ; 
here are neither ſolid Orbs nor Epicycles, but every thing 
appears in a demonſtrable Order, 

Fir, We find the Sun the Center of the World un- 
moveable, having no Circular Motion, but a Central only 
about it's Axis in the Space of 254 Days, which was dil- 
covered by the Teleſcope. This Syſtem is made up and 
adorned with Seventeen Bodies, which we ſhall ſpeak of 
in the following Order, and frat of the Sun, 

All Philoſophers and Aſtronomers now agree, that the 
Sun is a formal fiery Body, conſiſting of a true proper 
Elementary Fire; partly liquid, partly ſolid, The Liquid 
being an Ocean of Light, and moving with fiery Billows, 
and flaming Ebullitions, as is manifeſt to thoſe who look 
at it thro” a Teleſcope. n ; 

The Sun is fixed upon the lower Foci, or Umbelici, at 
| 50, at that End towards B, in the Ellipſes, page 151, 
and with this Law, that the Areas deſcribed by Lines 

| '  drawa 
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drawn from the Earth (which moves in the Curve A C 
B D, round the Sun) to the Sun, ſhall always be equal, 
and in equal and proportionable Times. And from this 
Figure, tis alſo plain, that the Sun's Diameter will ap- 
r greater when he is in Pergeon, which is a little after 
the Winter So/fice, viz Decemb.18, and is then 32! 44", 
and leſs when ſhe is in her pogeon which is a little after the 
Summer So/ftice, June 18, for then the Sun's apparent Dia- 
meter is but 31 38ʃ as is found by Obſervation ; and this 
Difference in his apparent Diameter is a manifeſt Proof 
that the Earth moves in an Ellipſis and not in a Circle. 
The Length of the Tropical Year, or the time the Sun 
apparently runs thro* the twelve Signs of the Zodjack is 
365 d 6h. 49 7“; and if to this we add the Annual 
Anticipation of the Equinoxes 500/ turn'd into Time = 
20 19" 27'!!, we ſhall have for the Length of the Syderial 
Year 365 4.6 B. qi 24% 20 | 
The Angle of the Inclination of the Planes of the E- 
ecliptic and Equator, or the Sun's greateſt Declination/ 
(commonly called the Obliquity cf the/Ecliptic) hath al- 
ways been invariably the ſame, viz. 230 29'. And the 
Sun's Horizontal Parallax (that is what the Earth's Semi- 
diameter appears to be to an Eye at the Sun) is no more 
than 10"'; and from hence is proved the vaſt Diſtance of 
the Sun from our Earth, for as all Objects are beheld un- 
der a certain Angle, (See page 181) therefore it muſt ne- 
ceſſarily follow ar the leſſer the Angle that any Object 
is ſeen under, the greater muſt be the Diſtance of that 
Object from the Eye of the Obſerver; from hence it is 
plain that the Earth's Semidiameter appearing under an 
Angle of fo ſmall a Quantity as 10ʃ. the Diſtance of the 
Sun from our Earth muſt be 82183140 Erg/i/þ Miles; 
and this we fetch from the Moon's Horizontal Parallax 
57 30˙ of Sir Iſaac Newton's Theory gives the Moon's 
mean Diſtance from the Earth 238212. then by a Reci- 
procal Proportion ſay, 


age Mites. Mites. 
Ik 57 300 : 238212 : 82183240. 


% And he is 25 3309 times bigger than our Earth ; his Apo- 


eon this preſent Year 1739 is 3 8* 24! 19!, INTE | 


— 
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1692 Parts, ſuch a the mean Diſtance from Earth is 
1020003, 


His ap- Hourly Motion 00” 2! aol! g“ 
* Diurnal Motion o © 59 8 20 
ean, ) Anoual Motion 11 29 45 39 51 


4 „* — 


— » 


Of the Sun's Eclipſe. 


H E Word Eclipſe fignifiesa Deprivation, or Want 

of Light, and that in either the Sun or Moon : 
The Eclipſe of the Sun is very im pagery called fo ; for it 
may rather be ſaid tobe an Eclipſe of the Earth, or that 
the People inhabiting the Earth are deprived of the Sun's 
Light for a Time; when at the ſame Time the Sun looſ- 
ing no Light in reality, but by the Interpoſition of the 
Moon between the Sun and the Eye of the Spectator, the 
Sun ſeems to them to be eclipſed, as to thoſe People living 
at (4), (in the following Figure) the Sun will ſeem to 
them to de totally darkned, to thoſe living at (4) he will 
appear to be eclipled only in part, and to thoſe at (c} 
there willl be no Eclipſe at all; and all at the lame Mo- 
ment of Time: An Eye at the ), will ſee the Sun free 
from any Eclipſe, but will behold the Earth part dark. 


Az | This 
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Looms or. þ 1 


This Diverfity of Ahe is cauſed by the Parallax of 
the Moon. The Word Parallax ſignifics Variation or Di- 
verſity of Aſpect, but in Af ronomy It is the Angle that is 
made at the Moon by two Lines, one drawn from the 
Earth's Center, and the other from a Superficies, interſe- 
Qing the Moon's Center, and being continued amonſ the 

„Fired Stars, ſhe will appear there conſiderably lower than 
the will to an Eye at the Earth's Center, and the nearer 
unto the Horizon that the Moon's is, the greater is her 
Parallax at that Time, and conſe quenily her Horizontal 

| Parallax 
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Parallax is the greateſt of all other. In this Scheme 
let N O be the viſible Horizon, A B the True; let EDF 
repreſent the Moon's Orb, H the Earth's Center, G the 
Superficies: I ſay, an Eye at H will behold tre Moon a- 
moneſt the Fixed Stars at I; but to him that views her 
at G, the Earth's Surface, will ſee her at K; therefore the 
Angle GY HID K is the Angle of Paraliax > 
Of which there are ſeveral Sorts, but the Parallaxes in 
Longitude and Latitude are what are chiefly uſeful in the 
Sun's Eclipſe, as now practiſed. The Horizontal! Parallax 
is the greateſt, being equal to the Angle G L H. The 
Parallax of Mars is = Ang'e H G, being leſs than 
the Moon's Paral/ax when they have equal Altitudes, be- 
cauſe Mars diſtance from the Earth is greater than that of 
the Moon's; when a Planet is in the Vertex at V, there 
the Parallaxes vaniſh. 
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C E H + FN P 
There are Four Sorts of Parallaxes in the Calculation 
of a Solar Eclipſe, viz. the Horizontal, the Parallax 
in Longitude, Latitude, and in Altitude ; if the Lumina- 
ries at their Conjunction appear not in the Nonageſſima 
Degree, but betwixt it and the Eaſtern Horizon, then the 
Time of the viſible Conjuntion will be accelerated, and 
will be before the Time of the true; and the Time of that 
Difference will always be proportional to the Parallax of 
Longitude at that Time : If the Luminaries be conjoin'd 
in the Nonageſſima Degree, then the true and viſible Con- 
unction will be C.incident: Laſtly, if they be conjoin'd 
A 2 in 
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in the occidental Quadrant, that is between the Nopa- 
gra Degree and the Welern Horizon, then the viſib e 
ojunficn will be retarded proporticnably.tothe Parallax 
of Longitude at that Time; when we (peak of the Nona- 
eſſima Degree, you are not to underſtand it to be the 
Eulminating Poirt, but that Degree of the Ecliptic 
which is 90“ dillant from the Horizon, except when 
Cancer and Capricorn ate upon the Meridian, ard then 
the Culminating Point, and Nonageſſima Degree are 
Coincident. | 
Secondly, By the Parallax of Latitude is determined the 
Quantity of a Solar Eclipſe ; for to all thoſe People that 
tive in Northern ions, if at any Conjunction of the 
Sun and Moon, her Southern Latitude exceeds the Sum of 
the Semjdiameters of the Sun and Mcon ; I ſay by 
her P&ra//ax in Latitude, ſhe will then he depreſſ:d below 
the Sun's Limb, and conſequently the Sun will be free 
from any Eclipſe to us atall: And this is the Cauſe that 
ſo many Conjunct ions of the Sun and Moon paſs us in 
England, and we ſeeing do few viſible Solar Eclipſes. The 
ſame Reaſon holds in the Southern Parts, when at the Con- 
junction the Moon bas North Latitude. Now fince it is 
the Moon that is the Cau!e of the Sun's Eclipſe, (as we 
have nated atove), ſhe _—_ dark Body of the fame 
Species as our Earth, and allo very near Spherical, as is 
proved by her Shadow, which is a perfect Cone, now this 
Conical Point reaching further than our Errth, therefore 
this Shadow ppon the Earth's Diſk is a Conic Section, 
viz. an Ellipfis, which we ſhall hew by and by when 
we come to ſpeak of the Penumbra: The Reaſon that the 
Sun is not Eclipſed at every Conjunction or New Moon, 
is becauſe the Moon moves not in the Plane of the Ecliptic 
8 B 8 D, but in an Orbit & A 8.C miking an Apgle 
therewith of 5® 17 2o!'!, and this Interſeftion of the 
Ecliptic and Moon's Orb, is always exactly in two oe. 
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ſite Places, (/e Diagram below, or juſt ſix Sines aſlunder» 


NORTH #4 
Ro 2 ; 


B 


and theſe InterſeAions are called the Nodes of the Moon, 
theſe Nodes have a Motion of 3! 11'levery Day in Aztece- 
dentia,or contrary to the Succeſhon of Signs, that is from 
Aries to Piſces, &c. and this is theCauſe why the Eclipſes do 
not always happen in the ſame Place of the Zodiack, for 
the ſame Eclipſes that happen now, will again happen 19 
Years hence, but differ both in Time, Quantity and Place, 
but the Period of Eclipſes is ſomething leis than 19 Years, 
viz. it is only 18 y. 13d. 7 h. 431 15", in which Time 
the Nodes move 11 8. 187 43! 38, as above. This we 
ſhall demonſtrate more plain from the Diagram above, 
for if at the Time of the true Conjunction of the Sun 
and Moon, they happen to be within 18* ; 10: 47 
of either Node, either before or after them, that is be- 
tween F E, or G H, the Sun will then be Eclipſed, other- 
ways not, and this I call the Ecliplic Boundaries; other- 
ways at the viſible Con junction, the Moon's viſible Lati- 
tude mult be leſs than the Sum of Semidiameters of the 
Luminaries, or the Sun cannot be Eelipſed at that Fime 3 
Fhele are the Laws which Gad Almighty gave to the 


A 3 Heavenly 
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Heavenly Bodies at the Creation, which Laws are con- 
Kant, uniform, and regular without variation. 

Of Eclipſes there are four Sorts, viz. 1 Partial, 2. Jo. 
tal without continuance. 3. Tal with continuance. And 
laſtly, Annular. 

1. Partial, is when Part of the Sun's Diameter is ob- 
ſcured from ſome particular Tract of the Earth, and theſe 
happen more frequent than any other. 

2. Total without continuance, is when at the Time of 
the viſible Conjunction the true Latitude of the Moon is 
equal ta her Parallax in Latitude from the Sun, that ſo 
the Center of one is exactly ſeen in the Center of the 
other, and then alſo their viſible Diameters are equal, 
that ſa the Sun is no ſooner hid from our Sight by the 
dark Body of the Moon, but very ſpeedily he is ſeen to 
recover his Light on the other Side. 

3. Total\ with continuance, is when at the viſible 
Conjunttion theEcliple is central, (which is always when 
the North Latitude and Para//ax are cqua) the Moon is 
in Perigeon, and the Sun in Apogeon, then the apparent 
Diameter of the Moon exceeds that of the Sun, and this 
Exceſs can never amount to one Minute, {o that the Total 
Darkneſs of any Solar Eclipſe can never exceed 4! or 5' in 
Time, an Inſtance of this Nature we had in the Year of 
our Lord 1715, in Which the Total Datkneſs at London 
was no more has 37 20%, the like having not happened 
at London for 575 Years before, which was in the fifth 
Year of the Reign of K. Stephen, Anne 1140, on Widne/- 
day, March 29, it began at London, at 38/ 37" paſt Noon, 
and continued 3 h. 117%, it's Total Darkneſs I make to 
be 3! 36" and Digits 12 58, 

J. Laftly, Annular, is when the viſible Central Con- 
junction happeneth, the Sun being in Perigeon, and ihe 
Moon in Apogeon, here the Diameter of the Sun exceeds 
Gat of the Moon, and conſequently there will then be a 

ing of Light round the Moon, An inſtance of this 
| e we read was obſerved at Rome, by Chriſlopber 
Clavius, April q, at Noon, Anno 1567. 

That the Sun's Eclipfe always begins on the Weſt Side, 
and goes off, or ends on the Eaſt Side of his Body, that is 
a moſt manifeſt Truth, becauſe the Moon (who is always 
the Cauſe of his Obſcurity] moving in her Annual Motion 


2 way 
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always in Conſequentia, or accordivg to the Order of the 
Signs muſt of neceſſity firſt touch the Sun's Weſtern Limb, 
and laſt leave his Eaſtern. Aſtronomers have divided the 
Sun's Diameter into 12 equal Parts, which they call Di- 
gits, ſo that if we ſpeak of a Digit, or Finger's Breadth, 
it is no more than r Part of the Sum's Diameter. 
The Ecliple of the Sun does not agree to any particu- 
lar Place on the Earth, but only to that Latitude and 


Longitude, for which it is calculated, by Reaſon of the 


ſudden Change of the Moon's Parallax above mentioned. 
(See the Scheme page 273. 


3 


— — * 


To calculate the Total Shadow of the Moon 
on the Earth in the Suns Eclipſe. 


N this Scheme let 8 be the Sun, B the Moon, and G the 
Earth, in which we are to find DEF, that is the Space 


| that the Moon's Shadow falls upon, in a Total Eclipie of 
the Sun, 
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In the Triangle H G F, we have given the Side G F, 
the Earth's Semidiameter, G H the Diſtance of the Earth 
from the Top of the Moon's Shadow, (which how to 
wad will be ſhewn towards the End of this Chapter) = 
1.019. and the Angle G HF, equal to the Sun's Semi 
diameter, to find the Angle G FH. 

Suppoſing the Sun in Perigeon. 

See the Work, 

As G F = 1 Semidiamer - 0.C000000 

To S. G H F, Sun's Semidiameter 16' 227.6774984 

So G H - — 1.019 0.0081742 

To 8 G. FH 2 16 40 7.68567 26 

Now 
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Now the Ange E GF=GHF + GFH=33! 2'/ 
by [Theorem 3, and ſuch is the Arch E F, whoſe double 
DF 1 67% X 69.5 = 74 Miles, and ſo far on the 
* will the Sun's Eclipſe appear Central and Total, 

hen the Moon is in Perigeon. 

1. To Exerciſe the young Tyro in theſe Matters, I 
ſhall here ſubjoin the Limes of the Sun's Eclipſe, Fuly 
14, 1748, from my Syſtem, by the New Equation, in 
my Uravoſcopia, = Time true & 13 d. 23 h. 28' 25'! 
© and p in K 2 42! 34). 


. 48 F Beg. 1748, Jah 13d. 21h. 4 55" 


No "\ Viible & = 22 39 58 | 
28 Greateſt Obſcuration 22 44 49 bu. 
enn 14 60 19 1 | 
8 SS / Total Duration - 3 14 6 
E £.3C Digits Eclipled - 10 26 13 


on the Upper Side of the Sun. ** 
The Uſe that may be made of Eclipſe is very great for 
determining the true Longitude of Places both at Sea and 
Land; for having an Eclipſe truly calculated to any parti- 
cular Place, as ſuppoſe London, having this Calculation 
with you at Sea, Sc. at the Beginning of the Ecliple you 
mult carefylly obſerve the Time, as we will ſappole it to 
be at zch. 2% 47% PM, at London by our Calculation it 
begins at 21h. 4 55 , the Difference is 35! 8/1 which 


turn'd into Time == 8 #7 oo by which I am aflared 


that Tam then fo far to the Eaſt of the Meridian of London. 
The Calculation of this General Eclipſe ſtands thus, and 
in this we have nothing to do with Paraltaxes at all, we 
have here given the Times and Places of the Paſlage of the 
Penumbra over the Earth's Diſs, which are gain'd by 
Trigonometry (See my Uranoſcopia) only, in finding 
which we are to obſerve, when we have gained the Time 
of the true Conjunction from Aſtronomical Tables 2 If 
then, I ſay, the Moon's true Latitude exceed the Sum 
of the Semidiameters of the Pezumbra and Earth's Diſk, 
the Sun at "that Time will be Eclipfed no where upon 
Earth, but if leſs, then it will ; the Semidiameter of the 
Penumbra is ever equal to the Sum of the Semidiameters 
of the Luminaries, and is nothing elſe but that faint Sha- 
dow which encompaſſech the perfect Shadow of the Mock, 


"= 


—— — —— 
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and is the Penumbra, fo that we at London at the Time of 


this Eclipſe are not immers'd into the perfect Shadew, but 
in the Penumbra + Now this diminiſh'd Light which eu- 
compaſſes the Shadow every Way is call'd the Penumbra. 
The Eclipſe is ſeen to begin in the Supream Point of his 


vertical Diameter as follows, 


The Times of the General Eclipſe at London. 


D h. 
C Beg. at © Riſing, 1748. July 13 20 
25 Central Eclipſe begins © Riſing 21 
2 In the Meridian - - 23 
% © } Nonag«(flimal Sun - 23 
: © Middle 82 . 23 
8 Central . ends at O Setting 1 
< = |\ Ends at © Setting - 2 
= \( Duration = 1 5 


I 
26 
40 

3 
19 
25 

9 
23 
57 


17 


29 
34 
9 
4, 
7 
40 
45 
16 


The Places tobere this General Eclipſe bappens is thus, 


4 | Lat. Long. 
Sun's begin Eclipſe at Ring 355 9 N. 51 101 W. 
© Riſes Centrally Eclipſled 45 23 76 17 W. 


CentrallyEclipſed in Meridian gi 38 14 
Centrally Eclipſed in Vong 48 47 20 
Sets Centrally Eclipſed 10 30 76 
Ends at © Setting +» o 14 S. 53 


13 


E. 


8 E. 


22 
59 


. 


Sun's Lower Limb touched by) Upper Limb beyond 


the Pole. 


Sun's Upper Limb touched by Þ Lower Limb 21® 19! N 


14 131 E. 


11 


II. Of Mercury, & 


x r to the Sun in our Syſtem we find nimble 
| heel'd Mercury, he is called an inferiour Planet, be- 

- cauſe his Orb is circumſcribed by the Earth's Orb, _— 
. Rea ſon 
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Reaſon of his Vicinity to the Sun, he is ſe dom ſeen with 
the naked Eye. For at his greateſt Diſtance from the Sun 
when in Aphelion is no more than 289 21! 8"; (See n 
Uranoſcopia, page 65,) and when the Earth is in Aphelion 
and Mercury is in Perihelion, his greateſt Elongation from 
the Sun, (or Angle at the Earth) is no more than 17 35! 
2. His Eccentricity is 7964, ſuch Parts as the Mean 
Hillance of the Earth from the Sun is 10.co0500, and-his 
Mean Diſtance from the Sun 38262, his greaſteſt Diſtance 
from the Sun in Eng/iþ Miles are 80353439, his leaſt 
52914839, his greateſt Diſtance from the Earth is 
97171952 and his leaſt 37988985 of our Miles. He makes 
one Revolution round the Sun in $7d. 23h. 15" 540), his 
Heliocentric Diurnal Motion is 4* 5! 32%, and hourly 
Motion 10' 13'' 52!"", his Aphelion this preſent Year 
1739, is f 13? 17' 37", the Place of his aſcending Node 
V 14 197 Foil, and the deſcending Node, or m 15? 
19' 50!!, ſo that if his Geometric Latitude be leſs than the 
Sun's apparant Semidiameter, (which at a Mean Diſtance 
from the Sun is = 16! 5'',) he may be ſeen with a good 
Teleſcope to make a black Spot on the Sun's Diſk ; the 


Times when he may be ſcen thus I have calculated, as 
here you ſee. 


1707 April 24d. 12h. of ©! 
1910 Ofteher 26 120 O 
1720 April 26 21 25 19 very near, but did 
1723 Ofober 29 6 24 17 [not touch, 
1730 Oder 22 5 42 25 very near the Sun, 
1736 October 31 © 4 8 | 
1740 April 21 12 $4 5 
1743 Ofober 25 o 14 8 
1753 April 24 20 37 23 
1756 Oclober 26 18 o 13 
1769 Ofober 29 11 41 53 
1776 October 22 11 41 1 
1782 November 1 5 20 34 
1786 April 22 20 46 51 
1789 Oftober 25 5 32 37 
1799 April 25 4 34 15 
The inclination of his Orbit = 6® 59/ 2001. 


When 
% 
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When Mercury is in Conjunction with the Sun in the 

Upper Part of his Orbit, and near either Node as above- 

mentioned, he will-paſs behind the-Sun, and in this Caſe . 


is always direct in Motion, Every thirteen Years he is 
nearly in the ſame Place of the Heavens, 


* DR - _ — 


6 — — 


III. 07 Venus. g 


TEXT above Mercury, is the glittering Planet 
Venus, who performs her Revolution round the Sun 


, 5 
= 


in the Space of 224 d. 26h. 49 24 N 
Her Eeeentricity Parts 1 505 
| Mean Diſtance from the Sun ditto - 72337 
| - Aphelion this Year 1) 39 m 70 8' 12" 
w — © Jnelination of her Orbit .... 23.9%... 30 
| Heliocentric Diarna! Motion 1 36 8 
1 - Hourly Motion - - 4 oo 
x Plaee of her North Node 1 14 18 2 


Her greateſt Elongation from the Sun, is when the 

Earth is in Perihelion, and Venus in Aphelion, for then 

1 the greateſt Side of the Triangle ſubtends the Angle at the 

5 Earth, and this Angle which is her — — when at 

. eateſt is 47 38 350 (See my Uranoſcopia 66, 

N Put if ſhe be in Peribelion lier eu — 7 
no more than 44 56) 14'!, and when ſhe'is in either of 
theſe Poſitions ſhe is Direct. And every two Years, ſhe is 
Stationary, add Retrograde to us at Earth, and when Re- 
trograde is always Occidental of the Sun. She ſtrays further 
from the Ecliptic than any other Planet, for ſometimes ſhe 
will have 99 of Latitude to us at the Earth.“ 

Her greateſt Diſtance from the Earth is 134017363. 
and eau Diſtance 15165321 Egli Miles: She turns 
once round upon he Axis in 23 Hours, as has been diſ- 
covered by the I eleſcope. She is ſuppoſed to have an 
Atmoſphere, which reflects ſo ſlrong and glaring: a Light, 
that her Body is rarely ſeen clear and diſtinct, without 


app . 
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applying a proper Aperture to the Object Glaſs of your 
Teleſcope, and then you may ſee her increaſe and decreaſe 
in Light, Horn'd and Gib4ous as the Moon and Mercury 
are: This Planet alfo, as well as Mercury, when ia 
Conjunction with the Sun in the Lower Part of her Orbit, 
and near one of her Nodes, (may be ſeen* by the Help 
of a Teleſcope) to make a black Spot on the Sun's Diſk, 


like a Patch on a Lady's Face, as L have found by Calcula 
tion, and ſhall here ſet down. 


1339 * 24 d. 3h. 19! of! obſerved by Horrem 
170% May | 235 22 44 .$ 
176g May 23 16 12 20 F Retrograde, 


When this Planet is conjoined with the Sun in the upper 
Part ot het Orbit, ſhe is always direct in Motion, and if 
her Geometric Latitude be then leſs than the Sun's apparent 
Semi-diameter, ſhe will paſs behind the Sun. This Planer, 
(43 well as Mercury) can never be ſeen at Midnight, but 
always cithe- in the Morning or Evening and when ſhe 
is ſeen in the Morning, ſhe is called the Morning Star, and 
when in the Evening, the Evening Star. Every 8 years this 
Planet may be found nearly in the ſame place of the Heavens 

Since theſe two inferior Planets, Venus and Mercury 
never recedes farther from the Sun than has been above- 
mentioned; Aſtronomers well know from hence that the 
Earth's Orb, circumſcribes their Orbits, and that they turn 
about the Sun, ſometimes direct and ſometimes Retrograde 
ſh:wing various Faces, and are never in oppoſition, no 
not ſo much as a Quadrat, or Sextile Aipett, which they 
would be if the Earth were at Reſt in the Center of the 
Univerſe, 


— 


—_ 


2 = ** 
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1 Earth 
© Yer IV. Of the Eatnh. 


H E Earth is one of che Seven Planets, and is plac'd 

in an Orb between Yenus and Mars, ſhe makes one 

entire Revolu ion round the Sun in 365 Days, 5 Heurs, 
4 Minutes, 7 Seoonds, (% page 272) this i, called tae 
B b | Tropical 
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Tropical Year, but the Siderial Year is longer by 200 7 


27, being what is increaſed by the Proceſhon of th 


Equinox; beſides this Annual Motion, which is always 
direct. and according to the Order of the Signs, ſhe has a 


Second Motion upon her own Axis from Weft to Faſt, 


Which in reſpect to the Fixed Stars, is performed in 


23 h. 560. The Farth's Axis is inclin'd ty that of the 
Ecliptic, in an Angle of 66? 31/, and it's Figure is that 


of an Oblate Spheriod, ſwelling out towards tha Equitorial, 
and flatted and contracted towards the Poles; So that the 


Diameter of it at the Equator, is longer than the Axis by 


.about 34 Miles, 2s Sir Jaac Newton has demonſtated ; 


for the Polar Diameter, or Axis, is to the Equatorial one, 
as 689 to 692. Experimenis alſo made on Pendulums, 
which require different Lengths to (wing Seconds, here 
And at the Equator do prove the ſame Thing Our Coun - 
try man Mr Rich Norwood found, by meaſuring from the 
Jer of London to the Middle of the City ot V/. in the 
{Year 1635, that the Degree of the Arch of a great Circle 
upon the Earth's Surface, contain'd 695 Miles; which 
Experiment agrees very well with what the French Altro- 
nomers have found it to be. According to which Meaſurc, 
we {ind the Earth's Circumference 25035 84, it's Diameter 


79609 16, and the Heighth of the Atmoſphere 47 12 


Eg Miles: Eccentricity 1602, Horizontal Paral'ax 
165 gi! diſtance from the Sun 82183140 as was ſaid 
in the Sun's Theory. For the Moon undoubtedly revolves , 


About our Earth, and the Diſtance of the Sun is to 


that of the Moon at a mean Rate, as 20625, is to 60 in 


"Earth's Semidiameters, and the Moon's Periodical Time, 


27d 5h 
He moved) will be thus: found, vis. 

As the Cube of the Moon's Diſtance from rhe Earth, 
inEarth's Semidiameters = 216000, to the Cube of theSun's 


3 711 the Periadical Time of the Sun, (it 


diſtance 8773681640625, ſo is the Squarc of the Moon's 


Per odical Time 27, (omitting the Hours) = 729, to 
the Square of the Moon's Periodical Time, 29611175537 
awhote Square Rcot= 172079 Days = 471 Years, auc 
ſo long would the Sun be in periorming one Revolution if 
he moved, and the Earth fixed in the Center of the World 
#x Ptolomv, Tycho, and their Followers vainly imagine, 
y which the Controverſy between our true Syſtem, and 
| ll 
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Al the other falſe ones is abſolutely determined in favour 
of the Copernican, and the Earth's Annual and Diurnal 


Motioas tor ever unqueltionab:y eſtabliſhed, 


That the diſierent Heats of our Scaions of the Year do 
not depend upon the nearne(s of the Sun to the Earth, 
but upon the Sun's Rays falling more direct or more oblique 
upon us ; for in the Diitance of 82 Mi.lion of Miles, a lit- 
tle approach of the Earth to, or 11's Recels from the Suns“ 
will make no ſenſiole Alteration as to Heag or Cold. 


The Sun's Meridian Altitude at London, 


Fung 10 61® 570 
March 100, 38 23 
On Septembey 12 N 
December 10 
From henee it is p'ain, that the Sun's Heat in Winter 
mult he weakeſt, becauſe then the Angle more acute then 
it is in June, and the Rays falling molt oblique on us, the 
ſame Quantity of Rays are {caiter'd over a greater Space of 


Earth, and conſequently it mult be colder there than where 


the ſame Quantity ot ſolar Rays poſle(s a leſs Space or 


Earth; beſides che Sun's Riys paſhng through a greater 


Part of the Atmoſphere in the Winter chan in the Sum- 


mer, they muſt be more weak and faint in the firſt, hang 
in the latter Caſe, 0 


Of the Equation of Time, 


HE Daily Revolutions of the Earth's Equator 


round it's Axis are exactly equal in Times to one 


another, and yet the Time from the Apparent Noon of 


one Day to that of the next, is unequal, and ſometimes 
greater, and ſometimes leſſer. 


B b 2 And 


32 
* 
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2 

And there is a Couble Cauſe of this Inequality ; Firit 
That the Plane of the Ecliptic doth not lye in the Plane 
of the EquinoQial, but makes an Angle with it of 23® 29 
the Difference between the Sun's Place in the Ecliptic, and 
his right Aſcenſion in the Equino&ia} turn'd into Time, 
by allowing 15 to an Hour, and 1* to 4' in Time, and 
ſo proportionably for a leſſer or greater Quantity, which 
in the firſt and third Quadrants of the Ecliptic is to be 
added, but in the ſecond and fourth is to be ſubtracted. 

The ſecond Cauſe is the Earth's annual Orbit, not being 
a Circle, but an Ellipfis, therefore with the Earth's Mean 
Aroma y, the Ecliptic Equation is taken out of it's proper 
Table in my Syſtem, and reduced into Time as beſore, 
by allowing 15 to an Hour, Sc. gives you the Second 
Part of the Equation of Time, which if the Mean Ano- 
may be leſs then fix Signs it addeth, if more ſubtracteth, 
to or from tne equal Time gives the Apparent; now if 
beth theſe Parts add, or both ſubtract, their Sum, other- 
V iſe their Differenece, is the abſolute Equation of Time. 
Which applied to the equal Time, according to the Title 
of the greateſt Part. gives the Apparent Time; but to re- 
— the Apparent Time to the equal, uſe the contrary 

itles. 


EXAMPLE. 


Anno 1739. Jane 5, at Noon equal Time, I demand 
the true Equation of Iime ? | 


Operation. 


Sun's Place at Noon is It 24* 44' 52'' and the Mean 
Anomaly from my Tables IL S. 15 56 210 


Sun's Place 11 24 44 52 gives 11 54 + 
Anomaly 11 15 50.21 gives 1 


Dich. is the true Equation of Time == 0 3 +1 
So 


8o that this Day at Ncon if your Clock or Watch be 
true it will be 3 — than the Sun ; and the ſame is 
to be obſerved for any Day in the Year by the following 
'Table, which (as a Mean) is calculated for Second paſt 
Leap Year, and may ſerve (for common Ulſe) this Age, 
without any ſenſible Error. Here are four Days in the 
Wear in which the Sun ard Clock are together, viz. April 
4, Juze 5, Auguſt 20and December 13 ; there are four 
Days in the Year, in which the Sun and Pendulum Clocks 
differ moſt, which are thele, with their Difference. 


Fanuary 31, Equation 14 49 Clock too faffs 
May 4 2 4 5 Clock too flows 


July 15, — 57 Clock too faſt. 
October 22, — 18 13 Clock too flow, 


See the filling Table. 


B b 3 


OF AST RON OM. 287 


hand n ” 
——— — 
o * 


. . Se - 
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4 


A Tabl of Equation of Ti 
me, . 
of Pendulum Clocks wwith -5 8 


ane. Febr. - | 
2 N ey . June, | 
/ | 4 
> 14 480% 3jo ' — 
2 i 8 
3 — 5 ; I bg 344 O 237 
4 hop 1% ws $Þ 33 
14 38/9 9 +4 - "v2 
8 — 1 
48 26 CIP 254 3'o =Y 
14 £2213 5 - 5 Self Q 7 5 24 
AA 35 5 50 
1485405 L v 8785 $3] $216 
1354310 23302 31 3 84% © 2 
132 34 218 23 O13 15 4411 242 4 
. 8 8 2 2113 351! 2 55 
3 >24]s S502 NS21(z3 32/2 Þ 7 
I | — . 
13 45 * 5 a $$. 0 
14S 505 3 122 8116 3818 
4 © 3714 5 2 2 C11 
e et e geo Keg © ob 25h) 
4 
221142 [ ' 
24178 28737 % 2253795 : 
45 20111 £4313 £273 3 
2414232 112280; 8. 93 92 ho 
25114 37;1 1312 813 — I 
26114 41110 58 | 
2714 4% Ff, 53 46 5 
28/14 246 104 2511 . 503 50 gt 
29143 47] ——|t = 73 2 547! 52 
30% 43 ; 17. 571 82 
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A Table of Equation of Time, for regulating 
of Pendulum Clochs with the Sun. 


HE gu Septem. e Lee em.“ 
| .Þ T1, 1 71 
In 4s nes jr en 
2 15013 4% 205 919 
3 30013 $4115 164 F5 
4 57114 915 514 * 
* 18] 4 201 5413 81 
- ©3914 Q32]4 £4743 =2! 
7 S CO14 £43114 0 32 £51 
8 22114553 14 F16|2 1 
10 8581584 82 
1105 e gs 8 
125 4445 23! 1351310 21] 
1315 by 44155 391125 550 — 
141 6.24/15 2.45112 C37 83 
15 Dns iel Sg 
5 4's 56j11 591 £3 
17 $5]? £539 S 24}16gooilg 392 
18 « COTE 538 
19 os 4% 8 710 8 503 f 7 
20 10 2316 oo 333 i3t 
21 io 42/16 jo 104 © «| 
22 3 11162 13090 24004 5340 
23 2 19168 1219 & 215 2 2 
24 1 Fl21z —295j16 1148 2.5 605 8 200 
125 416 of 3005 50 
[26.5 52012 11075 055 40 2 
1275 121227 16 317 2389 '= 50þ 
285 8.3212543)r5 85607 3 117 10 
295 f 5325 5805 3 5% 460 qi] 
30 4 1413 1315 4% 108 8 
314 4413 34 15 — 0 


— 


. Twilight begins and ends ; For by a true Conſideration 
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This Table ſhews you what the Sun gains or loſes of 
the Fendulum Clock every Day in the Second paſt Leap 
Year, the Pendulum Clock keeps equal Time all the Year 
round, though the Sun doth not do ſo, but is very unequal 
in it's Aprarent Motion ſometimes too fait, at other 
Times too flow. as the Table plainly ſheweth : So that it 
at any Time you want to ſet your Clock or Watch by the 


Sun, look into this Table and fee what the Equation is on 


that Day, and ſet it accordingly ſo many Minutes and Se- 
conds more or leſs, as you ſee by the Table, the Clock is 


100 faſt or too low for the Sun. 
EXAMPLE, 


January 17. I ee by this Table that the Clock is 13 

too faſt for the Sun, then looking upon a good Sur 
ja, I ſetmy Watch or Clock ſo much faſter than the 
Time is, by the Sun Dial, and then *tis right, Again, 
on feu 29 I ſee by the Table the Clock is too flow 
2 zu, therefore ſet your Clock and Wasch fo much be- 
hind the Time ſhewn by the Sun Dial and 'tis right 
more Fxamrles in a Thirg ſo plain are needleſs. 

T here is no hing mor: eaſy and fimple than the Motion 
of the Earth, becauſe it accounts for Appearances of Day 
and Night, in an eaſy and Natural Manner; for-as the 
Earth revolves from' Welt to Eaſt in 24 Hours Time nearly, 
it makes the Sun appcar to do ſo from Eaſt to Weſt in the 
ſame Time; and makes it Day to thoſe Places of it's Surface, 
which are turned towards the Sun and Night to ſuch who 
are on the oppoſite Part of the Globe. 

The Twilight is that dubious half Light, which we 
perceive be'ore the Sun Riſing, and after Sun Setting. Lis 
occaſioned by the Earth's Aſmoſphere, and the Splendor of 
the tber which environs the Sun; becanſe of many 
accidental Variations in both the Sun and Earth's Atmoſ- 


| th it cannot bealways of one Degree of Duration or 


rightneſs yet it uſually holds in the Evenings till the 
Sun is 18 Degrees below the Horizon, and appears ſo long 
tefore his Riling in the Morning. And where the Parallel 
of the Sun's Declination cuts the Parallel of 18, there is 
ſhewn the Time in the Projection of the Sphere, when the 


of 
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of the Sphere, it will be eaſy to determine in any Lati- 
tude, where the Parallel of Declination cuts the Parallel of 
18 and from thence to determine the Day when it ceaſes 
to be perfect Night, and alſo when perſect Night begins again, 


EXAMPLE. 


Suppoſe I would know in the Latitude of 51 32! N. 
the Day when it ceaſes to be perfect Night, and alſo the 
Day when the Parallel of Twilight cuts the Paraltel of 
18*, for that is the Day when it begins to be perſect Night 
again? ; 

Firſt you are to confider that from the Z-nith to the 
Horiꝝ n is 90? + 18 = 108 the Diſtance of the Parallel 
of Twilight from the Zenith, from this Sum = 108, ſub. 
tract the Complement of the Latitude of the Place, and 
the Remainder is the Sun's Diſtance from the North Pole, 
or Complement of his Declination ; eek this in the Tables 
of the Sun's Declination, in the Months between March. 
and June, and where you find it is the Day that it ceaſes 
to be perſect Night, look again in tte Months a ter June, 
and before September, and where you find the Sun's De- 
clination, that is the Daz that perfect Night begins again. 


Operation, 


Sun's Diſtarce a Zenith, when Day breaks 103? 00 


Co Lat, ubtract 38 28 
Sun's D ſtince 2 North Pole 69 33 
Complement = Declination North — 20 28 


In the Tab'es of the Sun's Declination, I find this to 
anſwer to May 11, and July 11, between which two 
Days there is no perfect Night but Twilight, for all that 
Time the Parallel of the Sun's Declination never touches 
the Parallel of 18“ below the Har. zen. 


EXAMPLE II. 


For Guernſey, Latitude 49 39 North+ 

Sun's Diſtance from the Zenith - 1089? 0& 
Co Latitude ſubtract - - 40 24 

Sun's Diſtance from North Pole a © 67. 30 
Complement > © Declination North 23 * 


- 
% 


_ 
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The Days for anſwetirg this Declination O, are May 
24, and June 28. The laſt and firſt Appearance of per- 
fect Nightin that Latitude. 


EX AMP LE. III. 
At Madrid, Latitude 40 10/ North, which are the 


two Days when the perfect Night ce ſes, and allo when 
perſect Night begins a gain ? 


Operation, 
Jun's Diftance from the Zeni;h - 108? 00! 
Co- Latitude ſubtract - 4 49 50 


emains 


This. 587 10! being leſs than the Sun's leaſt Diſtance 
from the North Pole 66 411 proves there is perfect Da k- 
ne's at Midnight all the Month of June: For the Paral- 
le] of the Sun's Decliration, never leaves the Parallel of 
the I wilight. But at Petersbourgh in Ruſſia, Latitude 
£6? 4! North, there is no Night but Twilight, from the 
Tenth of April, to the Eleventh of Auga/. 


ä 


V. Of the Moon: 


HE Moon is a Secondary Planet, and reſpects our 
Earth for her Center; ſhe always accompanies our 
Farth, and therefore is properiy called the Earth's Satel- 
lite: She performs one Revolution round the Earth in 
27 d. 7h 43 7%, and in the ſame Space of Time by a 
ſtrange Correſpondence and Harmony of the two Motions, 
ſhe revolves the ſame Way about her own Axis, whereby, 
one Motion as mach -conventing it to, as the other turns it 
from the Earth, the fame vide is always expoled to our 
Sight. | : 
he Figvre of the Moon's Orbit is always chanzing, 
ſo that at one Time it is a long Ellipſs, at another time 
more ſhort, and nearer a Circle, by which her Eccentricity 
at 
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at one Time is 66782 in Apogeon, and in Perigeon 43319 
which are the Two Extreams, between whicl: the Moon's 
Eccer tricity is always found. See my Satellite Afrono- 
my, page 16 Her mean Diurnal Motion is = 137 


10' 35%, and her mean hourly Motion 321 54'' , and 
her 


Greateſt N Diſtanck ) 62.512 Earth's 
Mean, f om the > 59.784 > Semidia 
2 55.985 meters. 


Lealt Earth, 
Which in C249107.97 
Engl þ 233241.13 
Miles are (223076.71 


We have ſhew? before that all Objects are ſeen under 
Aa certain Angle ; therefore the fame Body, at different 
Diſtances will appear to have very different Magni:udes ; 
It alſo follows that a ſmall Body, when near us, will ap- 
pear to be equa), or cven to exceed another at a great Di- 
ſtance, tho immenſly bigger. And this is the Reaſon 
that the Moon, which is the leaſt of all the Planets, ap- 
peais to is vaſtly bigger than any of them, nay, even to 
equal the Sun himtelf, which is many thouſand times 
greater in Magnitude, p 

By the Will of the great Creator which Philoſophers 
call the Law of Gravity, or Gravitation, whereby all 
heavy Bodies have a Tendency towards the Center of the 
Earth Sc. and hy which, that vaſt Machine, the Plane- 
tary Sy llem is governed, all Bodies gravitating towards each 
other; and this Gravity is Proportional to the Quantity 
of Matter at unequal Diſtance, it is univerſally as the 
Squire of the Diltauces: All Bodies mutually attract, or 
tend towards each other. | 

The Dif.cence between Gravity and Attraction is this, 
pix. Gravity 's that by which one Body tends towards 
another. Attraction is tha by which oneBudy ten is towards 
another by ſome Force, though perhaps it may happen by 
Impulſe. 

The Centripeti il Force, is that by which a Body, (ſup- 


poſe the Moon, ar any other Planet) is drawn or impelVd 
towards the Center, 


Centrifugal 
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Contrifuga) Force, is that by which a Body endecavour® *. 

| to fly off in a Tangent Line. Now theſe two Forces 

{h being equal, the Planets ate all kept in their Orbits, they 

i neither fly off nor drop down to their Centers: Which 

| they would do if either of theſe Laws were taken away. 

| The Moon moves in an Ellipfis ACPD, whoſe lower 

| Focus is the Center of the Earth, round about which ſhe 

| deſcribes Areas Proportional to the Times, wherein they 
are deſcribed, and the Earth carries the Moon round the 

| Sun in her Annual Motion: | | 


Mt A OA AO. 


: Let 
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Let the Moon be at L, from whence in « certain Time 
ſhe moves to A, the Space or Ray © L delcribes, 8 
L © A; the Moon moving on till ſhe comes to M, 
and hom the Center of the O, draw the Line © M. fo 
that the Ellip:ic Space or Arca & P M may be equal to 
tue Areaq. © A, then in this Caſe ſhe will move thro” 
the Arch P M in the ſame Compaſs of time, that ſhe did 
thro' the Ach L A. Which Arches are unequal, and 
nearly in a Reciprocal Proportion to their Diſtances from 
the Ear:h's Center, For 3 of equal Areas, the 
Arch? M muit be ſo much in Proportion greater than 
the Arch L A, as & A is greater than OP: This Law 
was firſt diſcovered hy Kepler, and now demonſtrated by 
Sir 1/aac Netotan. Ard tor a farther Vindication of this 
Univerſal Law - of the Heavenly Bodies, they have de- 
nſdnſtrated that the Squares of the Ptriodical Times of 
the Planets, zre as the Cubes of thgir Diitancey, from the 
Center of their Orbitr, about which they perform their 
Motions regularly. 

Of the many Inequalitice in the Moon's Motion, that 
which is called her Elliptic Equation is greateſt, which 
ariſes from a two fold Motion, one perform'd on the Upper 
| Forus at I, and the other on the Lower at O; for ſuppoſe 
the Moon in her Orbit at ), to which if we draw the 
Line S?) and 1 Þ, her mean Place will be at ©, and 
her true Place at N, ſo that the Elliptic Equation is no 
more than the Angle SDI. ND O, which how to 
had, ſee my Satellite Af ronamy, page 16. And this 
Equation is to be ſubtracted all the Time the Moon moves 
from the Apogeon at A, to the Perigeon at P, that is the 
firſt Six Signs of Anomaly. But in the other Semicircle'of 
| her Orbit, while ſhe moves from her Perigeon at P, to 
her Apogcon at, A, that is when her mean Anomaly is 

+ 714.8, 9, 10, or 11, Signs, this Elliptic Equation is to 
be added to her mean Place to gain her true. And the 
lame Reaſun holds good in all the Planets, * 


* 
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Of the Moon's Phaſes. 


E W Moon, or which is all one, the Change of 
the Moon, is when the Sun and Moon are both to- 
pether upon one, and the ſame Circle of Longitude, that 
is, when they are in the ſame Sign and Degree of the 
Zodiack, and now ſets with the Sun; and. by Reaſon the 
Moon is always direct in Motion to us at the Earth, ſoon 


after the Change, ſhe is ſeen in the Evening after the Sun 


is ſet, and puts on then a fa cated Face, and her Horns 
point towards. the Eaft ; when ſhe is two Signs, or £0? 
diftant from the Sun, that is, one Sixth Part of the Zodiack, 
this Diſtance is called a Sextile A/pe#; ſhe moving one 
Sign more in Con/equentie, till ſhe is 3 Signs or go“ from 
the Sun, tbis is called a Quadrate or Square Aip-&, or 
the firſt Quarter of the Moon, and ſhe is now Dechoto - 


" mized, When by her Menſtrual Motion ſhe is four Signs 


diſtant from the Sun towards the Eaſt ; the Face ſhe put 
on now is Gibbous, and ſo continues 'til! ſhe comes to the 
Full, that is Six Signs diſtant or Diametrically oppoſite to 


the Sun, ſhe now ſhews a full Face to us at the Eartb, 
\ ; becauſe that Side which is towards the Sun, is alſo turned 


towards the Earth. (Sce my Lunar Infirument). The Earth, 
being partly between the Sun and Moon; ſhe now rileth as 
the Sun appatendiy ſets, (if the Time of the Fall Moon be 


at Sun ſetting, elſe not ſo exaftly,) We have above ſhewn, 


that the Moon performs one Revolution round the Earth 
in 27d, 7h 43' 7'', Which is called her Menſtrual Month, 
but in that Time the Sun has apparently moved 269 551 
460 from the Place ot the laſt Conjunction with the Sun, 
therefore the Moon has yet 2 d. 5 h. of 5g"! farther to 
travel before ſhe can come up with the un to make the 
next New Moon, which make iu all 29 d. 1zh. 44' 6% 
as] thus pr-ve. 


Mees 
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Moon's Revolutions Sun maves in that Tine. 
27d 7h 43) x 26* 55! 46" 
8 LEES 2 o 52 
1 9 3 
16 29 41 
1 14 | | = 
1 — 29 00 25 
29 12 41 6 f 


This 2 zh. 44' 6'' the Time betwe?n one New 
Moon and the next, is called the ynddca Month, And 
now ſrom the Full to the laſt Quarier, he Moon put on 
a Gib5aus. Face again, but on the contrary Side to what 
it was from the firſt Quarter to the Full; becauſe that 
Side of her Face that was then to ward: the Ear h, is now 
tured from it (by Reaſon of th: Moon's Retation upon 
her Axis), The Moon moving on he. Menſtrual Motion, 
-*till ſhe is Eight Signs diſtant from the Sun in Cov2guentie, 
ſhe makes then what is called a Trine 4/pe7, whieh ſhe 
made when ſhe was Four Signs from him, which takes its 
Name from being an Equilateral Triangle, or one chird Part of 


the Zodiact: One Sign urther towards the Kaſt brings het 


to a Quadrat again which is called the laſt Quarter, and is 


now again Dechotom zed, or juſt half enlighten'd to us at 


© the Earth, as ſhe was at the firſt Quarter, but now turns 
the contrary Side towards us. From th: laſt Quarter, to 
the Change or New Moon, ſhe is again falcated, but as 
the Horns in the firſt Quarter were turned towards the 


Eaſt, they now are towards the Weſt, This Law the 


Moon obſerves continually, only with a little Variation 


caufed by her Libration, which is more Philoſophical than 


Aſtronomical, and fo 1 fhall paſs it by at this Time, 
Aſtronomers divide the Diameter of the Sun and Moon 
into 12 equal Parts, called Digits, which according to every 
Day of her Age is ſhewn by this Table, her Inereaſe from 
Change to Full, and her Decreaſe from Pull to Change. 


C0 2 - 


* 


— 


cording to ber Mean Motion. 
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A Table of the Digits and Decimal Parts of # 
Digit, to every Day of the Moon's Age, Ace-. 


2 Moon's Digits Moon's Digit's 
Age. Light. Age. Light. } 
0 h 8 — 
New © 29 12 

1 0 81 1129 0.44 | 
2 iy 1.63 | 28 2 1.72 | 

2-44 [127 2.03 

D 3 3.25 [26 30 2.85 

E 4 ] 427 (25 3.66 

k - 525 24 4 47 

3 33 29 

7 Firſt 9 4 23 Taft 3 6. 

18 Quarter. 6.5 22 Quarter. 6-10 

9 { 7:33 21 ” 6.92 

10 8.14 [20 3 17.73 

111 © 8.95 8 2 8.51 

[12 7 9.76 [118 8 9. 36 

13 ® 1058 7 10.17 

0 14 © 11.39 [116 - 10.98 
14 Full 18]12, Ans. 


This Table is ſo plaia, little needs be {aid in Explanation, 
only this, look in the firſt, or third Column for the Moon's 
Age, aud in the next on the Right Hand, is the Quantity 


ol Light that the Moon has at that Time. Examples are 
needleſs. 
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A Table ef the Moon's Place, 1739, 


8 


” 
— 
142 


Fe. 8 March. April, | 
| ART | Fe xl G 1 ' ls 75 „ 
o 18 s5lo 26 292 11 38 
14 t 421 9 42 24 6 
27 301 1 7 21 333 5 56 
10 330 3 167 3 4513 17 43 
34. 8 142 17 44 29. 32 
G 20 2 2 27 354 11 29 
17 1 51.3 9 414 23 33 
29 13 413 21 175 16 
11 25 384 3 145 18 56 
23 7 434_15 24% 2 12] 
5 20 84 27 326 15 61 
17 2 31/5 10 386 29 54 
29 Is 175 23 457 14 12 
11 23 196 7. 23 25 16 
23 11 35'5 20 388 13 15 
6 8 4 578 27 43 
18 % 8 357. 19 3 12 2 
1 22 25.8 3 199 26. 13 
14 4213 6 248 17 3110 10. 10 
. a0, En 
11 4 $59 15. 47,11 7 33 
25 19 129 6 | 
19 3 39,10 
24. 17 40110. 
9 * 
24 Is Fehr 
9 29 430 
23 13 


—— — 


4a 


ä— —— — 
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A Table of the Moow's Place 1739. 


Tun . ly. 
1 ; ls. Ju5 13 , 
27 55j0 1 357 20 34 
6 14 108 4. 24 
22 29 27 2986 18 33 
| 21 219 EA 
a8 2 g0f7 .* 38 . +28 17 04 
1018 9 29119 23 56 
2218 24 10% 13 „ 
5119 9 7 4 
24 4211 1 44 
tao. 2 $5 2 5 
22110 24 roo 15 55 
2311 9 28 29 24 
11 23 4001 12 2 
200 7 24" 34 57 
270 23 422 7 13 
$i i 
4 
811 
* 40/2 


A Table of the Moon's Place 1739. 
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| S] September, October. November. | Uremoer. | 
Pri ra nan ace 
1 12 53 10 21 zo 13 49 19 45 
27) 27 ͤò int 6 40 27 11. 2 27 
3% 11 5411 20 27. 10 32] 14 $4 
440 26 37 4 36: 23 352 27 10 
| $141 in 19 18 22/2 6 23/1 9 18 
Ojtr 2s Fill 2. 4/2 19 213 © 21 49 
7Þ 10 7 15 25013 r 115 3 13 
18 24 i 28 203 13 15/4 15 + 
011 7 30 1+ 53 25 1104 26 53 
2 1 20 322 23 23K. 6 698. 49 
uh: 3. 133 5 .204 4005 2050 
123 15 28z 17 iqs o 406 
13]2 27 343 29 46 12 43,5 
1413 9 zin 10 saß 25 ooo 
1 
166% 2 55 1 4565 20 43/7 
17% 14 446 % 4 2318 
18/4 26 435 29 41/7 18 518 
1955 8 596 12 3913 2 1809 
205 21 285 26 118 16 499 
ziÞ 4 157 9 40 1 2810 
225 17 19% 23 370 16 100 
2317 o 378 7 no oo 4011 
12447 14 19s 21 520 15 1211 
2517 22. 499 6& io 29 25. 
2018 11 3 20 2211. 19 22 
[#71 25 3iſio 5 zin 27 dt 
8 0 9 270 11 31 10 33/1 
299 23 golll 2 3 23 52 
3010 7 38¹1 16 gt 6 54: 
31 ene = O 0 TI * 
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The Ur of the foregoing 7 ables of the Moon's 


Place, 


This Table of the Moon's Place, is that in Longitude, 
which is ſufficient for my Reader“ s Purpoſe in this Place. 


— _— 


The Yearly i 2 
ee | Look in this Table for the Epat for 
lot the Moon he given Year, and the Number right 
_ be added [-gainſt it added to the Moon's true P/ace 
to ber true[ [any Day in the Year 1739, gives her 
place, an)] Mean Place the fame Day at Noon, Re- 
Day in the membring in Leap Yea? to add the Mo- 
J car 1739 [tion of the Moon in a Day, 13? 200 
more to the reſt, 


8 "| 
1 is [ EXAMPLE I. 
un 1740 April 9, I would know the 


8 2 
82 ; of Moon's Place at Noon ? 
155 20 46! 5 
.. 138 1 , 
1 N 712 185 4 9 1 39, 4yril 9, ( Place 5 18 46 
88 28 cojſt;a&t 12 gives 4 12 41 
2c + «#1 50 e Year 1 Day 13 11 
[Moon's Place 10 14 48 


Ky 
EXAMPLE 
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'EXAMPLE II. 


Anno 1740, Auguft 10, I would know the Moon's 
Place at Noon, | 


Operation. 
$i wid 
1739, Aug. 10, q Place 9-84: 
Epact 12 gives — 4 12 41 
Leap Year, 1 Day - - 13.2 
Moon's Place . - 4 0 | 


BXAMPLE III. 


I would know the Moon's Place in the Zodiack, am | 
1739, June 12? * 4 


- 


Operation. 


1739, Jun: 12, D Place 10 1 3 

1734 Epact 6, - „ Þ$-; $235. 0 

17345 June 13 Place ty 29 n 
— 1 Sth — 


Of the Moon's Eclipſe. 


HE Moon being a dark Opake Spherical Body. 
having no Light but what ſhe receives from the 

Sun, can never be eclipſed but at the Full Moon, becauſe . 
the Earth's Shadow, which is the Cauſe of the Eclipſe, 
is always oppoſite to the Sun; but not at every Full 

Maon 3 but when ſhe is within 129 of either Node. 

See the Scheme, in page 277, and then her Latitude will 
be leſs than the Sam of the Semidiameters of the Moon and 
Earth's Shadow ; but all the Full Moons that happen be- 
tween EAH and GDF will paſs without any Ecliple at 
all: The Latitude of the Moon is meaſured on a Circle of 
Longitude, from the Moon -to the Ecliptic, and paſhng 
-thro' it's Poles, and conſequently cutting the Ecliptic 
at right Angles, The Quantity of ap Eclipſe . 


: 


% 
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the Moon's Latitude, for the leſs the Lati ude, the greater 
will the Eclipſe be, and the greater the Latitude the leſs 

will the Eclipſe be: So that i the Full Moon happen at 
'% the very Node, the Eclipſe -will be Ceitral and Total 
| With continuance, I ſay continuance, becauſe the Moon's 
Diameter is but a ſmall Matter more than + of the Earth's 
Shadew through which the Moon then paſſes, as you may 


the better perceive by this Figure. 


f If the Moon's Latitude at the Time of the Full Moon 
de more than the Sum of the Semidiameters of the _ 
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and Earth's Shadow, there will be no &clipſe at that Full 
Moon, for if the Latitude be North, ſhe will 
the Shadow, South under it. There are three Sorts of 
Lunar Eclipſes, viz. 1. Partial. 2. Total without con- 
tinuance. 3 Tata! with continuance, a a 

1. Partial, is when ſome Part of the Moon's Diame» 
ter or Body falls within the Earth's Shadow, and this 
always happens when the Sum of the Moon's Latitude and 
her Semediameter is greater than the Semidiameter of the 
Earth's Shadow, in which the Digits eclipled ae always 
leſs than 12, and if her Latitude be then North; ſhe 
looleth Light on the South Side of her Body, but if her 
Latitude be South, then ſhe is Hclipſed on the North, or 
Upper Side. | 

2. Total without continuance, is when the Moon's Lati- 
tude is equal to the Difference det cen the Hemidiameter 
of the Moon and Earih's Shades, for in this Cate the 
Moon is ro ſooner involved in ti hadow, but ſhe is out 
again, and therefore the Total Dazkneſs is of no Duration, 
the Digit: are juſt 12, | | 

3. Total with continuance, is when the Sum of the 
Moon's Laticude and her Semidiameter is leſs nan the 
Semidlameter oi her Shadows or, which is the ſa e Thing, 
when her Latitude is lels than he Difference of her Semi- 
diameter and Shadow, here rhe Digits are more than 12, 
and leſs than 22 28/ 120", as I thus prove trom the Table 
page 62, of my Compleat Syflem. 


Mcon's greateſt Horizontal Parailax 61 24 | 
Sun's ad — — W 


10 
— — — 

Sum * e 4 

Sun': leaſt Semidiameter ſubtract 15 49" 
Rem. greateit Semidiameter Shadow 4; 45 
Moon” greateſt Scmidiameter, add 16 40 

a 0 | 

Sum — 8 — 2 2; 
Latitude Moon, ſubtract — — o oo 


Reſt Parts deficient — N 6a 25 


395 


— 
2 


" ©. £ FED — 
. — — - 
—— 
- 4 


<< 


1 
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Now for the Digits eclip/ed, fay 
As Semidiam, Þ 156 40"! L. L. 5563 dd 


To Six D git 55 — CO OO looco 4 

So Parts deficient ——— 62 25 171 tO 

Sum — — 5734 ſub. 
— — 


Jo the Digits eclipſed 22% 28 12” 4266 


This is the greateſt Quantity that can be eclipſed. 
4. The Ecliples do not always happen in the ſame Place 
of the Zodiack by Reaſon of the Retrograde Motion of 
the Nodes, and Sun's apparent Motion, ſee page 299, 
which is 30 11, 4 Day, and they perform one Revolu- 
tion in 18 Years 224d. 4 h. 38". So that the Echpſe which 
falls this Year in F 13% will the next Year fall in 
v5 2* ard 11 Days ſooner, by Which the Perigd of 
Eclipſes called the Chald:an dare is = 187. 10d. 7h. 
431 15"), when the ſame Eclipſe will-return again. The 
greateit Duration of Eclipſes happen about, or near the 
Apogeon of the Moon, ſhe moving then loweſt, tho? 
paſſes through a leſs Portion of the Earth's Shadow 
than when in Perigeon : The Moon's Apogeon moves 
forwards according to the Order of che Signs 6' 41" in 
one Day in a Year 18. 10® 39! 50, thereſore is one Re- 
volution per ſorm'd in about 8 Years, 3094 Days, 8 Hours, 
and 32 Minutes. The Moon's Ecliple always begins on 
the Eaſt Side and ends on the Welt; contrary to that of the 
Sun; for the Moon's Eclipſe being real by reaſon of her 
direct Motion in Longitude always Eaſtward, the Eaſt Side 
of her Body muſt neceſlarily firſt touch the Earth's Sha- 
dow, and the Weſt Side laſt leave it. In a Total Eclipſe 
- of the Moon, even when ſhe is near the Center of the 
Shadow, her Body is frequently to be ſeen of a languid 
Colour, as I have often obſerved, and particularly, Aug 
29, 1718, at 54/ paſt 7 at Night, when ſhe was within 
gol of her Southern Node, and Total for the Space of 
1 h. 37 all that Timeſhe did not look Black at all, but of 
« Kind of « yellow ſwarthy Colour, which could not be 
without being illuminated with Tome Light; (for of _ | 
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ſhe has none,) and ſome will wonder from whence ariſe 
this Light, ſcme ſuſpected that it was the Native and 
. proper Light of the Moon herſelf, others derived it from 
the Planets and Stars; for the Interpoſition of the Earth 
intercepts all the Light of the Sun, and ſeems to bring a 
thick Darkneſs upon the whole Space taken up by the 
Conical Shad>w. But we muſt conſider that the Earth is 
ſurrounded with x Space of Air 49.66 Miles hizb, which 
is of a conliderable Denſity, and has a Refraftirg Power 
whereby it turns the Rays of the Sun out of their Way, 
when they fall upon it, and makes them enter the Conical 
Shadow; which will thereſore be illuminated by that 
{mall Quantity of Light which falls obliquely on our 
Atmoſphere, and imparts to all the Bodies within it, a 
faint Licht, the which wil illuminate the Moon, even 
when the is in the midſt of the Shadow, and will make 
her vihble to us. : 

5. The Length of the Earth's Shadow may be ſound 
at any Time by Trigorometry, thus, for the Semiangle of 
the Cone ACB, See Fig. p. 304, is always equal to the 
Sun's apparent Semidiameter, which when the Sun is in 
Apogeon it is 11 49, at a Mean Diſtance 160 50 ar d 
in Perigeon 16! 220, ſo that in the Triangle A 
have given the Angle ACB equal tv the Sun's Apparent 
Semidiameter, and A B, one Semidiameter Earth to find 
BC, the Le:gth of the Axis of the Cone of the Shadow. 


Operation. 


As T. < ACA - 0? 15! 49" 7.6627 105 
To ene Semidiameter = A B 1 = _ 0.0000090 
So Radius — - - 10 0202070 
To BC. O Semidiameter 217.41 _ 2.3372895 


* 6 
217 41 X 3984 58 = 8£6287.5378 Miles. 

At a Mean Diſtance from Earth, the Height of the 
Shadow is 213-775 vemidiameter of the Earth = 
851803 5895 Miles, And at the leaſt Diſtance 210,014 
Semidiameter of the Earth = 836817 158412 Miles, 

6. By the Horizontal Parallax ot the Moon we a'ſo 
find her Diſlance from the Earth, for in the Scheme, Page 
273 we have given, the Angle H L G the Moon's He- 

| Dd riccntal 


C, we | 
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rizontal Parallax, and HG Earth's Semidiameter, to 


find H L her Diſtance from the Earth's Surface. 
Let it be required then to find her Diſtance from the 
Earth's Sur ace when ſhe is in Apogeon ? Look into the 


Table page 62, of Vol II. of my N fem and you'll ſee 
her Horizontal Parallax is = 54! 59, and 57 gol", at 


-a Mean Diſtance from the Earth, and 61' 24 in Pe- 


rigeon. 


Nero for Ber grecteſt Dillance. /a Jy, 


AsS. HLG Horiz. Par. £41 50% 8.203936 
To HG 1 Semidiameter 05 ag +6 


ann o ©000000 
80 C'S, 54 9999444 
To H L © Semidiameters 62818 285880 


62.518 * 3984 58 = 249107.97 244 Miles, but from 


the & Center 249315 1706. 


Secondly, For her Mean Diſtance ) from the Earth. 


As 8. ILG Hari. Paral. 55. 50"! Co Ar. 1.774272 
To 1 Semidiameter © 1 


o ©000000 
So CS. HLG - 57 50 99999386 
To HL in © Semidiameter 59.43 1.7740633 


59 43 X 3944 58 = 236203.5894 Miles, but from the 
& Center 238240 00736 Miles. 


120%), For the laft Diſtance. 
A. S. HLG Horiz. Paral 1 1' 24" 82518576 


To HG 1 Semidiameter & - '©.0000000 
80 CS. HLG - 1 41 24 9 9999306 
To HL in & Sem'diameters 55-985 1.7480730 


5985 X 3984 58 = 223076.7113 from S Surface, 
But from the Earih's Center 55 994 = 223112 57252 
Mues. 


a 


VII. To 
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VII. To culculate the Diameter of the 
Earth's Shadow at the Diſtance of the- 
Moon's, 


N the Scheme, page 304, let B be the Earth's Center, . 

D the Moon's Center, BC in the Cone of the Earth's: 
Shadow. and at the Earth's greateſt Diſtance == 217.41 

Semidiameters, therefore D C the Cone of the Earth's - 
Shadow beyond the Moon, is found in the three ſeveral 


| Stations thus, 


— 3 — 8 


BC == Cone S Shad. 217.41 and z 13 775 and 210.074 
Diſt. ) 4 3) 62518, 59 784 55985 


— — — — —— 


Shad. beyond DB = 154 832 = 153.592 = 154.029 


wn WF RX SF 2 


As Radius — go of ol / 10 ooo 
To»dC= - 154.892 2. 1900236 
8 T. DCD - 15, 49" 7.6627105 


To DD = Semidiam, Shad. O. 71241 9.832741 


2 D ) = Diameter Shadow 1.42482 X 3984.53 
5669.4198, which is he Dil meter cf che Earth's Shadow 
at the Moon, in Apogeon of the Sun: but when the Sun 
is at a Mean Diſtance from the Earth, it is 5740. 4250223 
the Sun in Perigeon, the Diameter S Shadow at the. 


Moon is 5840.995822. 
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VIII. Tp calculate the Diameter of the 
Hoon, and Height of her Shadow. 


N the Scheme, page 304, Let B be the Earth's Center, 

D the Moon's Center, B) the Moon's Diſtance from 

the Eaith, and the Argie DB ), the Moon's Apparent 
Semidiameter, to find D). 


1. The Moon in Apogeon, p 
A; CS. DB) o 14' 52'! Co-Ar. 0.0000039 
ä 1.796068 
80 S. DBD 2 14 52 7.635 8290 
To D) 2.7029 1076. 9921282 9 4318316 


Hence becauſe the Cone of the Farth's and Moon's 
- Shadow are Similar Bodies, their Heights will be in 
roportion to the Simidiameter of their Ba'es Baſe ; For 
1 5 the Baſe and Height of the Earth's Cone; and 
Moon's Shadow will be obtain'd thus, 


As Semidiameter 1 ©.00009C0 
To Height of it's Shadow 21741 , 2:3372895 
So Semidiam. Baſe ) Shadow .270c29g 9. 4318316 
To Height of it's Shadow 58.7060 1-7691211 


And after this Manner will the Height of the Moon's 
Shadow at a Mean Diſtance from the Earth be found to 
be 58.279 Semidiameter of the Earth. And when ſhe is in 
Perigeon or neareſt to the Earth, the Height of the Cone 
of her Shadow is 57.013 Semidiameter of the Earth, 
which multiply'd by 3984.58 = 2271.7285954 Miles. 


g Hot 
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How to Calculate the Times and Quantitiet of Eclipn 
particular and general. Se my Compleat Syſtem of 
Aftronomy. and my Uranoſc. pia, where the Reader will 
find Satizfaltien to bis Defire, < - 


The Uſe that may be made of Eclipſes is for diſcovering © 
the Longitude of Places at Sea or Land, for having aa 
Eclipſe truly calculated to any particular Merisian, as ſup- 
pole London, the Eclipſe is found by Calcu'ation to begin | 
at Zh. 39! 52 PM, and being at Sea, the ſame Eclipte* 1 
is obſerved to begin at 6 h. 15 PM. the Difference is 
35 du, which turn'd into Time = 89 47 o totle 
Eaſt of the Meri ian of London. But if you obſerve the 
Time ſooner tban it is by the Ca culation, you are then 
ſo much to the Weſt of Loncon. 


VI. Of Mars. 8 


ARS is a Superiour Planet, and moves in an Orbit 
Y | round the Sun, betu een the Earth and Jupiter. 39 
An! make one Revolution in 321d. 23 h. 27! 30''. His 
Mean Annual Motion is 6 S. 119.17! 10“, Diurnal Mo- \ 
tion is 31 27%, and in an Hour he moves 1 1. His | 
Eccentrici:y 14179 5 and his Mean .Diffance from the 
Earth 112022635 &-gl þ ies. There ate two Years - 
and fifty Days between every Conjuuction with the Sun. 
The laclication of his Oibit 19 51! ; Anno 1739,. the 
Place of his Aſcending Noe 18. 17? 49” 24 „ and the 
Place of his Aphelion nx 1 18* 511, is Annual Motion 
1' 12'', This Planet has an Atmoſphere like our Earch. 
He is Direct, Stationary, and Retrograde to us at the Ea th, 
and has a Rotation about his own Axis from Weſt to Eaſt » 
in 24 h. 40', He has no Satellite or Moon to attend him, 
but has Faſciz or Spots, as appears thro the Teleſcope, 
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VII. Of the Planet Jupiter. u 


UPITER is a Primary and Superiour Planet, mov- 
ing round the Sun in an Orb between Mars and Sa- 
tara; and appears thro' the Teleſcope to have always 


| a round full Face; he is liable to be eclipſed to an Inhabi- 


tant of the Earth by all the Planets except Saturn: Re- 


ceives all his Light from the Sun, and by the Teleſcope be 


is known to have Belts which ſurround his Body, with 
ſeveral Spots by which is diſcovered his Rotation upon 
his Axis, from Welt to Eait in g h. 56! : He makes one 
Revolution round the Sun in 11 y, 317 d. 12 h. 20' 25 


His Mean Annual Motion is 18. o 20! 38"! 
Diurnal Motion 4 59 
Hourly * - - — - 12 
Place of his Aſcending Node 

this Y.ar 1739 4 - 8 =» 8 6 40 
Aphe lion - 2 10 20 36 
Eccentrigity = - - - 250745 


Mean Diſtance from the Earth 337681693 Englih 


Miles. Tuis Planer as well as Mars, and Saturn is much 


nearer the Ear h in Oppoſition to the Sun, than in any 
other Poſition. Jupiter is attended with four Satellites, 
and were fit diſcovered by Gabilæus, Anno. Domiu. 1610. 
Thele Moons move round Jupiter in a conſtant direct 
Order, as here is ſet down. 


Periodical Times, Diarra] Motion. 
d. h. | 1 8 0 1 ih 

1.in 1 18 28 36{ 6 23 29 20 4 2 

3. in 3 13 17 54 3 1t 22 29 2 3 

z-in 7 3 59 3601 20. 19 3 & 1 

4 in 16 18 5 12 Jo 21 34.16, S 4 
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Their Diflances from Jupiter in Semidiameter of Jupiter 
are, | 


I. 2. 3. 4* 
5-91 9.4 15. 26.38, 


By theſe Magnitudes and Diſtances from Jupiter, they 
may be eaſily diſtinguiſhed one from another, when you 
look at them through a Refrafting Teleſcope, they will 
appear on the contrary Side of Jupiter, but a Reflecting 
Teleſcope will ſhew them really as they are in the Hea- 
vens. The Apfis of the Moons this Year 1739, is & 
212 12', with a Yearly Motion of 36'. They always 
appear amongſt the Fixed Stars to lie nearly in a ſtrait 
Line, except their Latitudes cauſe a little Variation, (as I 
have often obſerved). And the Poſition of this Line has 
Reſpect unto the Altitude of the Nonageſſime Degree in 
Jupiter's Orb, as being at one Time Parallel to the Ho- 
riZon, at other Times more oblique, making Angles there- 


with of different Quantities. The Fourth, or outmoſt 


Satellite paſſes wide of the Shadow two Years in every 
fix, as it did in the Year 1734, and will again in 1740, 
Ce. but the other three paſs through Jupiter's Sha- 
dow once in every Revolution, and are then eclipſed ; and 
they alſo eclipſe one another. Beſides the Immerſions, 
they become twice inv ſible to us in every Revolution 
except when their Latitude is too great, that is, once 
when they are between the Eye and Tapiter, and again 
when they are behind his Body. When Jupiter is our 
Morning Star, and Riſing before the Sun, the Spectator 
ſecs only the Immerſions, or the Entrance of the Satellite 
into Jupiter's Shadow; but when he is our Evening Star 
and Setting aſter the Sun, we then ſee the Emerſions out 
of the Shadow. Four and thirty Days every Year Jupiter 
lies hid under the Sun Beams, and conſequently can't be 
ſeen with the naked Eye. By obſerving the Eclipſes of 
Jupiter's Moons from oppoſite Parts of the Magnus Orbis, 
is found that Light is not inſtantaneous, but takes up 

or 10! Minutes Time to travel from the Sun to us, which 
diſtance is more than 82 Millions of Miles: Which 
Space the Light paſſes thro', in ſo (mall a Time that fo 


p75 prodigious, 
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prodigious a Velocity cannot eafi'y be conceived by us, 
which ſo much exceeds the Velocity of the ſwifteſt Bodies 
we know. 

By the Eclipſes of theſe Satellites, the Longitude of 
Places upon the Terraqueous Globe may be known after 
the ſame Manner. as has been ſhewa in the Eelipſes of the 


Sua and Moc n, 


VIII. O/ Saturn. g 


4 TURN is a Primary and Superior Planet, and 
is the higheſt in our Syſtem ; he is a ways obſerved 


with a round fall Face, is of a heavy dull Lead Colour, 


and is liable to he ecl pſed-t: om our Sight, by all the oth. t 
Planets, if their Latitudes correſpond ; he makes one Re- 
volution round the Sun in 29 y. 174d. Gh. 36' 26'!5 


his mean annuel Motion is 12% 13 21", his Diurnal Mo- 


tion 211 and hourly Mo ion git, Every Year and chir- 


teen Days is conjon'd with the Sun ; he is direct Sta- 


tionary and Retrograde to us at the Earth cnce every Year, 


and makes his Alpects with the Sun. It fs uncer ain 


whether this: Planet moves round his Axis or nor, by Rea- 


ſion of his great Diſtance from us, which is 575426579 
Engliſh Miles. His Eccentricity 54376, ſuch Parts as 


the Mean Diftance of the Earth from the Sun is 1000000. 
The Place of his Aphelion this Year 1739, is in 29 
25 20% and the Place cf his Aſccndi: g Node 88 21 
16* 48“, the annual Motion of the Aphehon “ 20%, and 
of the Node 18 / the Incl ination of hi: Oi bit 29 30 101, 
and by the Teleſcope's Obſervations is tound to have five 
Satellites or Moons moving round him, as he moves 
round the Sun, and according to tke lateſt and beſt Ob- 


ſervations, do make their Revolution in Times, as is here 


ſet down. 


* 
1. 1 2 
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d. h. "yDiftance. 
1. in 1 21 18 26% 4.8935 
2. in 2 17 41 10\, 6.268 / Semidiameters of 
3. in 4 12 25 10 2.754 Saturn's 
4. in 15 22 28 \20 255 Globe. 


- 41 
5. in 79 7 46 oo J59.154 


Befides theſe five Moons this Planet is known to be en- 

compaſſed on every Side with a Ring, but doth-no where 

"touch his Body, the Diameter of Saturn to that of the 
Ring is as 4 to 9. Caſſini ſuppoſes the four interior Sa- 
tellites to be moved according to the Plane of the Ring, 
or ther Orbits to be inclined to the Orbit of Saturn b 
an Angle of zo“, but Hugens of 31%, When Saturn is 
in the Middle of the Sign Gemini and Sagettari, then the 
greateſt Axis of his broad ſpreading Ring, is found to be 
preciſely double to the leſſer, and lieth moſt open to 
our View, as it was in the year 1737, and will be ſo 
again in 1751 ; but on the contrary, when this Planet is 
in Virgo or Piſces, the Ring ſeems to us to be quite ſhut, 
and only as it were a right Line, and no more to be ſeen 
and this was ſeen in the Year 1744, and will again in 1758, 
and 1759, But this is ſpoken to 4fronomers who are 
furniſhed with long Glaſſes wherewith to make Obſerva- | 
tions of this Kind, Thoſe that would ſee the Reaſon of 
the Retrogrations of the Planets, let them confult my 
Planetary Inſtruments. And here in the Statellites as 
well as in the Planets themſelves, this Univerſal Law of 
Nature alſo holds good, viz. that the Squares of the 
Periodic Times are as the Cubes of their Diſtance” from 
the Centers of their Primary. : 
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IX. The Characters and Poetical Names of 
the Planets. 


h Saturn, Chronus, Phenon, Falcifer 
UN Jupiter, Phaetons Zeus, Jude. 
ds Mars, Aris, Pyrois, Mavors, Gradivas. 


@ Sol, 


—_— 


316 „„ Of ASTRONOMY 


| ©> Sel, Titon, Itios, Phebus, Appollo, Phaon, Ofyrts 
Deiſpiter. 
| 2 Venus, Cytheria, Aphrodite, Erycina. 
$ Mercury, Hermes, Stilborne, Cyllenius, Arcbus. 
8 Moon, Lucina, Cynthia, Diana, Phabe, Proſepina, 
+ : 
Nofiluca, Latonæ. 


The Reaſon of which Names may be ſeen in Myſtagogus- 
Pocticus: 


> Terra, the Earth. 
8 Dragon's Head. 
Dragon's Tail. 


— — 


X. The Cbaracters and Names of the Tuelve 


Signs, with the Numbers of Stars they; 
contain.. 


* Aries 21. 
Taurus, 4%. 
; I Gemini 30. 
25 Cancer TA 


RK Leo 40. 
| m Virge 39 
4 Libra 18. . 


m Scorpio 10. 
4 Saggitarius 14. 
F Capricors 28. 
&ﬆx Aquarius 41. 
N Piſces 36. 


— 


— 


vn 


XI. The Characters and Names of the Five 


4 

Aspects. 0 

1 
 Conjunfion, is the ſame Sign and Degree. a 
* Sexti.e, two Signs, or 60 Degrees aſſunder. 5 


QA Sguars, three Signs, or 90 Degrees aſſunder. 
| \ Trine, 


ts 
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A Trine, four Signs, or 120 Degrees aſſunder. 
S Oppsſition, fix Signs, or 180 Degrees aſſunder. 


XII. Of the Fixed Start. 


IXE D Stars are ſuch as do not, like the Planets or 
Erratic Stars, change their Poſitions of Diſtances in 
ReſpeR of one another, And becauſe they have no ſen- 
ſible Para'lax arifing from the annual Motion of che Earth, 
they are juſtly eſteemed to be of ſuch an immen'e Diſtance, 
that the Earth's annual Orbit is but as a Point in compa- 
riſon of it, 

Light takes up more Time in Travelling from the Stars 
to us, than we in making a e Jai Voyage, That 
Sound would not arrive to us from thence in 50620 Years. 
nor can a Cannon Ball in a much longer Time, this is 
eaſily computed by allowing 10“ for the Journey of Light 
from the Sun hither, and that it moves 968 Feet in a Se- 
cond of Time. 

W here-ever the Spectstor is placed in our Syſtem, 
whether in the Sun, in the Earth, or even in Saturn, will 
ſee the ſame Face of the Heavens, and the ſame Stars, 
with the ſame Magnitudes, and the ſame Figure of the 
Conſtcllations, and the Heavens which ſurrounds and in- 
yolves th:m a'l, will have the ſame Face. 

The Antients divided the Viſible Firmament into 48 
Images, 12 of which filled the Zogiack, the Names of 
which we have given in page 316 In the Northern Re- 
gion there are 21 Images viz the Leſſer Bear, the Great 
Bear, the Dragon, Cephus, Bootes, the Northern Crown, 
Hercules, the Harp, the Swan, Cafiopia, Perſeur, Anarv- 
meda, the Triangle, Ar ga. Pegaſus, Equilus, the Dol- 
phin, the Arrom, the Eagle, Serpentariut, and the Ser- 
pent. Afterwards they added to them two others, viz, 
that of Antinout, which was made of the Stars that are 
not included within any Image, and are near the Eagle; 
and the Conſtellation called Berenices Hair, theſe Stars 
lie near the Lyon's Tail, 
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On the South Side there are 15 4/r27i/ms, which were 
known to the Antients, viz. the Whole, the River Eri- 
dinus, the Hair, Orion, the Great Dog, the Leger Dor, 
the Ship Argo, Hydra, the Cup, the Crom, the Centaur, 
the Wolf, the Altar, the Southern Crown, and the South- 
ern N. To theſe are added 12 more Conſtellations, 
which are not ſeen by us who inhabit the Northe:in Regi- 
- ons, becauſe of the Convexity of our Earth, but in the 
Southern Parts they are very conſpicuous. Theſe are the 
Phenix, the Crane, the Peacock, the Indian, the Bird of 
Paradiſe, the Southern Triangle, the Fiy, the Chame'ton, 
the Flying Fiſh, the Toucan, or American G»o/e, Hydrus, 
or Water Serpent, Xiphas, or the Sword Fiſh. 

Aſtronomers have added two in the Northern Hemiſs 
phere, Charles's Heart, and Sobieshi's Shield. 

The Galaxy, Jia Lita; Or Milkey Way, is a broad 
white Tract encompaſſing the whole Heavens, and extend- 
ing itſelf in the Sign of Capricorn from the Equinoctial 
to the Tropic of Cancer with a double Patn, and the reſt 
of it is a ſingle one. Some of the Antients, as Aristotle, 
imagiaed that this Path conſiited only of a certain Exha- 
lation hanging in the Air, but by the Teleſcope's Obſer- 
vations of this Age it. has been diſcovered to conſiſt of an 
innumerable Quantity of Fixed Stars, different in Situa- 
tion and Magnitude ; from the confuſed Mixture of whoſe 
Light it's white Colour is ſuppoſed to be occaſioned. 
[Wich the Teleſcope I have counted 23 Stars in the Com- 

paſs of the Pleisdes.) It's greateſt Declination North is 
about 655, and South 699, it croſſes the EquiaoRial (rom 
South to North in FF 5 and from North to South in 25 

9, It's breadth, where broadelt, which is about Aquila, 
d 259, in other Places it doth not exceed 10 Degrees. 

Aſtronomers have divided the Stars into fix ſeveral 
Sizes or Magnitudes, of which the greateſt or brighteſt of 
them are called Stars of the firſt Magnitude, as Capella, 
Afurui, Regulu!, Siri, &c. and the next to them in 
- brightneſs are called the Stars of the ſecond Magnitude, 
next to them in brightneſs are Stars of the third Magnitude 
and ſo forth, till we come to Stars of the fixth Magritude, 
Which comprehend the ſmalleſt Stars that can be diicern'd 


with the naked Eye, 
The 


* 
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The Number of Fixed Stars that their Places bave been + 


Reftified by | ſeveral Aſtronomers are theſe. 


Hypparchus, 140 before Chriſt bad - 1022 
Pliny - - 1600 


Ptolomy 135 Years after Chriſt - 1026 
1437 Uligh Beight — - — 1017 
1460 Regiomontanus. Ditto 

1536 Nich. Copernicus Ditto ; 

1572 Tycha Brabe . - by 757 
1620 Fobn Kepler - - 1163 
1603 Dr Fobn Bayerus = . - 1725 
Prince of Hef = - - 400 
1635 Brachius - 0 — 1672 
1651 Jobs Ricciolus — - 1458 
1670 Job Hevelins — - - 1888 
1676 Dr Edmund Halley . — 373 
1690 Jobn Flamſtead — — 3000 
1726 This Author * — - 777 


The Fixed Stars move upon the Poles of the Ecliptic, 
by which they have a progreſſive Motion of 50 a Year, 
that is one Degree in 72 Years, and one Revolution 

in 25920 Years'; by which Motion they are always 
kept parallel to the Ecliptic, and ſo never alter their La- 
titudes ; but Dr Halley tells us in the Philoſophical Tran- 
Saftions, Numb 355, that four of the Fixed Stars have 
altered their. Latitudes fince Ptolomy's Time, viz. the 
Bulls Eye 20“ more South, Sinivs 22, ArAurus 33', and 
the Bright Shoulder of Orion, almoſt a Degree more North. 
But theſe may be loↄk'd upon as bad Obſervations made 
in Pto/omy's Time, for want of good Inflruments, rather 
than.attributing zhe Difference o! the Latitude to any un- 
equality in the Stars Motions. 
The Fixed Stars are known from the P!anets by their 
Scintillation, or Sparkling; for the Planets have no ſuch 
Vibration, twinkling or glimmering of Light: Put e 
rerally all the Fixed Stars more or leſs, and at fo:we 
Times more than others: The Caule of their Scinti la- 
tion is variouſly diſcourſed of, both by Philo hors ard 
Aflrcnome:s, Ariſtatle, among tne Antients, ten e 
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Cauſe thereof to their remoteneſs from our Sight, by 


which they are weakly, and as it were by a trembling 


wearineſs reached. me again will have the Cauſe o 
this Twinkling to proceed from Refraction; others aflign* 
the Cauſe to ariſe from the unequal. Superficies of the 
Fluctuating Air or Medium, as Stones in the Bottom of a 
River by the Rapid Motion of the Water, ſecm to have 
« kind of termulus Motion, which is on'y in the criſped 
and uneven Undulation of the Stream. * #s more 
probably conceives this Scinti/lation of the Fixed Stars to 
roceed from that Native and Primigenial Light they are 
indued with, like that of the Sun's ſparkling, caſting forth 


ſuch quick darted Rays as our weaker Light cannot behold © 


without that trembling Paſſion. '_ 


* 


„ 


XIII. Of Comets. 


| C OME TS are what are commonly called Blazing 
Stars. The Antients, eſpecially Arifotle, and his 


Followers ſuppoſed them to be Meteors or Exhalations, 


ſet on Fire in the Middle Region of the Air. The Mo- 
dern Aſtronomers have found that they are within our 
Planetary Syſtem, and that their Orbits are very Ex ent ic, 
being metimes at moderate Diſtance from the Sun, at 
other Times they aſcend to vaſt Diſtance, far beyond tho 
Orbet of Satzen, and ſo become inviſible. The great 


: Comet that appeared here in 1680 1681, was ſeen before 


hd ” 


in our Hemiſphere, 4 Domin. 1106, once before, a- 
bout the Year 532, and allo 44 Years before our Sviour's 
Birth zAnd therefore Arſtonomers conclude the Time of 
it's Periodical Revolution to be 575 Years. The Time 
of the Revolution of another Comet which appeared in the 


Year 1682, will appear to us again 1758, is 753 Years 


I making one Revolution, another probably may be ſeen 
kere again Ju. Dem. 1789. makes it's Ellipſis round the 
Sun in 129 Years. And that theſe Periods are all that are 
k:own to Aſtronomers, is what we are to be ſatisfied with 
till further Diſceveries are made. | 


1 might 
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I might here give the Projection of the Sphere, and 


PP Spherical Trigonometry in the Solution of all the 


ractical Problems of the Sun, Moon, and Stars, but this 
being already handed in my Compleat Syſem ef Aftronomy, 
I ſhall forbear it here, and proceed to the Art of Dialling. 


1 


— 


— 


CHAP IX. 
Of DIALLING. 


1 ORO LOG, or Dialling is a very curious Art: 


; and requ res a full Knowledge in Aſtronomy to be 
a perfet Maſter ; in my Machanic Dialling | haveſhewn 


how to make all Sorts of Dials wichout the help of Ftrigo- 
nometrical Calculaion, which Work is intended only for 


him who is unskill'd in Aſtronomy : Here it ſhall be my 


Buſineſs to explain the calculative art even to the meaneſt - 


Capacity. Firſt then of Dials there are divers Sorts, as 
1. The Horizontal. 2 The North and South Ereft. 
3. The Eat and Weſt Erect. 4. The Erect Decliner, 
5. The Recliner, or Lacliner, &. 

He that wculd be a cmpleat Diallit muſt be fully 
acquainted with the Projzction of the Sphere on an 
Circle. but becauſe my narrow Limits will not permit 
me to t cat {o largely as | wou'd ; | ſhall here give my 
Reader a View of the Fundamental Diagram, for ex- 

reſſing all Sorts of FHlanes, and how the Triang'es lie 
ia which the Hour di:tances upon che, Plane, are by Tri- 
Ne 

Fir. With a Sweep of 6 opened to any convenient 
Radius, draw the Primitive Circle 4 12 K 12, which 
ſhall repieſent the Horizon of the Place, and Z the Ze- 
nith, 2 Quarter it, and draw y Zz & for the Prime Vertis 
cal, and 12 Z 12 for the Solititial Colure. 3 Take the 
Tangent ot 19“ 14', it beirg £the Co- Latitude of Lon don 
and ſet it fiomZ 0 P, ſa ſhall P repreſent the North Pole, 
th o' the three Polats P (or with the Secant if 54® 
3 draw YF for the Equmoctial Culure, or Six o'- 
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Clock Hour, 4. With the Secant of 64® 67, the Sun's 
greateſt Meridian Altitude at London draw Y . 
5. With the Sceant 38* 28', being the Height of 
the Equinoctial at London, draw Y A . 6. With the 
Secant of 14 591 the Sun's leaſt Meridian Altitude at 
London, draw F wx AZ C, i2Fi2, D E, and 
G H I are Planes of different Poſitions drawn at Pleaſure: 
Thus is the Scheme finiſhed ſufficient for our preſent F ur- 


Pole. Sec p. 247. 


12 
> 8 


_ ©» Then doth the Primitive Circle repreſent a Horizontal 
Plane. 2. A Vertical Plane, parallel to the Prime Vertical 
Circle paſſing through the Zenith andEaſt andWelt Pointsof 
the Horizon ts theEreR, Direct North and South Plane, and 
is repreſented by Z <> the Prime Vertical Cricle. 3. A 
Meridian Plane, parallel to the Meridian, and paſſing 
though the Zenith and Pole, ſuch are the Eaſt and 
— Welt 
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Weſt direct Planes, and repreſented by 12 P Zz 12, the 
Solfticial Colure. 4. A Polar Plane, parallel to the Earth's 
Axis, or Hour of Six is here repreſented by P =, it 
aſſes through the Poles. and through the Eaſt and Weſt 
Points, cuts the EquinoRtial and Mer'dian at light Angles, 
but inc ines to the Horizon with an Angle 12 Þ = 
51% 32! reclinirg from the Zenith 38 23 = <P op Z. 
This is called a direct Incliner. 5. The Equino&ial 
Plane, i: parallel to the Equinoctial paſſi g through the 
Eaſt and Weſt Points being right to the Meridian, bat In- 
lining to the South Horizon (in North Latitudes) with 
an <= 38® 23! the Co- Latitude = E V 12 repreſented 
by V < the Equinoctial, and conſequently and pro- 
Pen is called a direct Incliner, becauſe the upper Face 
' Jooks to the North, end the under to the Souti, 6. A 
Direct inclining Plane, parallel to any great Circle which 
ſſes through the Eaſt and Weſt Points b*the Horizon, 
ing right to the Meridian, but not - paſſing thro* the 
Po!es of the World, nor parallel to the Equator, is repre 
fented by Y 2B , or by V f 2 being the two Po. 
* fitions of the Ecfiptic, when the very Beginning of Cancer 
and Cypricorn are upon the Meridian. 7. A Vertical 
declining Plane parallel to any great Circle which paſſeth 
through the Zenith, being right to the Horizon, but in- 
clining to the Meridian with an Angle of 36 Degrees. 
8. A Polar declining Plane, parallel to ſome great Cirelz, 
which paſſeth through the Pole, being right angled with 
the Equinoctial, but inclining to the Meridian with aa 
Angle of 24%* = 12 P D, and this Plane is repreſented by 
DPE. 9. A Meridian Plane inclining to th: Horizo':, 
arallel to any great Circle which pafleth through the 
oints of North and South and cuts the Prime Vertical at 
right Angles, this Plane is repreſented by 12 F12. 10. A 
Declining inclining Plane, parallel to a1y great Circle which 
paſſetty neither thro” the North, Eatt, South nor Wed, nor 
through the Poles nor Zenith, but lieth oblique to them 
all, it is repreſented by G H T making an Angle with the 
Horizon of 45%, and Declining from the Merid:an 51 + * 
.= 12 G, Each of theſe Planes, except the Horizoatal, have 
uro Faces, whercon Hour Lines may be drayn. 
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326 Of DIALLING 
| I. To make an Horizontal Dial. 


| H IS Plane is repreſented in the Fundamenta! Dia- 

| gram by the Primitive Circle A 4p C, which is 
beſt made of Braſs to ſtand the Weather. Now if ve 
oject the Sphere Stereographically upon the Plane of the 
Horizon for the given Latitude, and where the projected 
Meridians or Hour Lines cut the Plane of the Horizan, 


. draw Lines-from the Center or Zenith to the Border of 


the Dial, and they ſball be the true Hour Lines, and the 
Stile or Gnomon mult Rand upon the Meridian, or 12 
o'Clock Hour Line, and to make an Angle at the Center of 
the Hour Lines, equal to the Latitude of the Place for 
which the Dial is made. 
But to do this by Trigonometry, let A B CD repreſent 
a Horizontal Plane, on which 1 am to draw a Dial; upon 
which draw as many Concentric Circles for the Boundaries 
of the. Dial as you fancy will ſerve your Turn, and draw 
the Diameter A B for the Meridian, or 12 o'Clock Hour 
Line: Take the Radius of the Circle in your Compaſs and 
ſet the Sector on the Line of Tangent, and take off the 
Tangent 19? 14 that beipg half the Complement of the 
iven Latitude, and ſet it from Z the Zenith, to P the 
North Pole. Through the Pole P, at right Angles to the 
Meridian A B draw the Line 6 P 6 for the Six o'Clock 
Hour Line. Now for the other Hour Line, their Di- 
tance from the Twelve o' Clock or Meridian, we muſt have 


'xeconrſe to the Furdamental Diagram in page 322, then 


ſuppoſe the oblique Circle DP E to repreſent the One or 


11 „Cock Hour Circle, then the Angle 12 P D = 159, 


in which Triangle right Angle at 12, there are given P 12 
= 51* 32\the Latitude of the Place Elevation of the 
Pole above the Horizon, with the Angle 12 P D= 15, to 
find the Side 12 D the diſtance of One and Eleven o'Clock 
from the Meridian upen the Horizon, 
* Equation. SP 12 +R=CT<P+ T 12D. 
þ +4 Analogy, | 
As CT. PF 150 10.719475 
To Radius - 90 © 10.0000000. 
So 8. P 12 = Pole's Elevation 31 32 9.8937452 
To #12 D, 1 Hou on che Plane 11 51 9- 5217977 
9 A 
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Or by Tranſpoſition, ſee p. 242. 

As Radius - - 90 of 10.0000060 
To T.< P {54S Is o 9 42805325 
So 8. P 12 == Latitude 51 32 9 2937452 
To T: 12 D * wes 9.3217977 


And thus by making the Angle at the Pole 30, 45, 60, 
759, and working as above you will have the diſtance of 
every Hour upon the Plane, from the Meridian Line 
AB. Then by allowing for the thickneſs of the Stile, 
draw two Quadratth on each Side the Twelve o' Clock 
Hour Line, and ſet the Sector to that Radius, ard take 
the Chords of the ſeveral Hour Diftances, aid ſet them of 
in each Quadrant, and to thoſe Marks draw Lines from 
the Center at Po the Margin of the Dial, and they ſhall 
be the true Hour Lines required. The Stile or Gnomon 
muſt Make an Angle at Þ the Latitude of the Place for 
which the Dial is made, which being ſet at right 


ever the Twelve & Clock Hour Line, the Dial is finiſh'd. 
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| IL Of an Erett Direct North and South | 


Dial. 


x Hour Lines of theſe IDials are calculated by 


Ice Triangle KPZ,right angled at Z. In the Scheme, 


page 322, there are given, the Angle at P 15, 30, 45, 


60, 75* the Equinottial Diſtances, and ZP the Dillance 


between the Zenith and Pole, equal to the Complement 
of the Latitude of the Place, to find Ke the Hour Di- 
Kances upon the Plane. 


39 | Equation. | 
s. PZ +R=TKZ +CT<P. 
WP | Anatogy. 
| For the Hour Lines of 11 and 1 0 Clock, for the Lat. 
* CTP 1 15 00! | 10,5719475 


To Radius 90 oo 10.0000000 
580 S. F Z 38 28 97938317 


To T. KZ = 1 Hour - 9 28 9.2218842 
7 Or by Tranſpeftion. 


| As Radius - 90 on 


To T. K Z - 9 28 9.2218 


10.00000C0 
To CS. Latitude 51 32 9.7938317 
TCP -/ - 15 00 97875 

42 


And ſo by the ſame Analagy I ſindthe Horizontal Diſtances 


bf 10 and 2 O'Clock io be 19 45', of 9 and 3 = 31% 54 


ol g and 4= 47* gf, and of 7 of 5 = 65% 42 
6 and 88 508 heſe being laid off by help of the 


Line of Chords on the Sector, will be the true Hour 


wt SS = LA "4 
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Lines on a South Erect Direct Plane for. the Latitude of 
518 32! North. And for the North Dial you may either 
continue the Hour Lines of 4 and 5 thro” the Center to 
ſerve for 7 and 8, and 7 and 8 ſhall le 4 and 5 on the 
North Plane, or elſe lay them off by help of the Chords, 
as above has been ſhewn. The Gnomon or Stile muſt 
hang at right Angles over the 12 O Clock Hour Line, and. 
becauſe the top Edge of all Dial Clocks repreſents the 
Earth's Axis, and conſequently muſt ye parallel to it; 
and in theſe Dials it muſt make an Angle with the Plane 
equal to the Complement of the Latitude of the Place x 
And in the South Dial it muſt point downwards to the 
South Pole, and the Cock of the North Dial muſt point 
upwards to the North Pole; In all the Caſes of Dialling 
we ſuppoſe the Earth no more than a Point, in reſpect 
of the great Diſtance that it is from the Sun, for if it were 
reckoned otherways, the Stile of the Dial could not be 
parallel to the Earth's Axis, and at the ſame time point tg 
the true Poles of the World. {7p 
When the Sun has North Declination, (which he has 
from the Ninth of March to the Twelfth of September), 
he comes upon the South Erect direct Plane in che Morn- 
ing at the ſame time that he is due Eaſt, or upon Prime 
* and goes off in the Afternoon when he is dug 
x * - | | 


* 


— — — N84 —ͥͤ' 4 — . — 
III. Of an Ere# Declining Plane. 


HE firſt Thing to be done, is carefully to take 

the Plane's Declination, which is no more than an 
Arch of the Horizon comprehended between the Axis of 
the Plane, and the Meridian of the Place; and that you 
may the better diſtinguiſh Planes, you are to confider and 
underſtand three ſeveral Lines. The firſt is the Horizon» 
tal Line; the Second the Line perpendicular to the Plane, 
commonly called the Axis of the Plane, Laſtly, The 
Meridian Line. There are four ſeveral Ways to find the 
Declination of a Plane, as (1) by the Magnetic No 

whic 


i 
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which is of all the moſt uncertain by Reaſon of the Varia- 
tien. (2) By two Obſervations, the one made in the 

orenocn, the other in the Afternoon. See my Mechanic 
Dialling. (3) By applying a Dial made for the ſame Lati- 
tude to a Circle divided into 360 upon a Board placed 
Horizontally to the Plane, move the Dial to the true Hour 


of the Day, and then the Twelve o'Clock Line on the Dial 


will point to the Degree of the Plane's Declination on 
the divided Circle. Laſtly, By the Sun's Azimuth and 
Horizontal Diſlance, Which is thus, with a good Aſtro- 
nomical Quadrant, (ſuch as is now made by Jabs 
Baron, and Jeſ. Turner in Hatton Garden, Londin) take 
the Sun's Altitude, then in the Triangle AZP, page 248, 
we have given AZ the Co-Altitude, ZP the Co-Latitude, 
and AP the Sun's Diſtance from the No: th Po'e, or Co- 
Declinaticn, to find the Angle A Z P, work as is taught 
in Page 256, and you will have the Sun's Azimuth from 
The North, whoſe Complement to 180 is the Ange AZA 
the Sun's Azimuth from the South. 

At the ame Moment of Time that you take the-Sun's 
Altitude, let an Aſſiltlant fix a Semicirc'e divided into an 
180 D grees to the Horizontal Line of the Plane, ſo that 
the Limb, or graduated Edge be towards the Sun, hold 
up a Thread or Plummet near the Limb, fo that the Sha- 
dow thereof may paſs thro' the Center of the Semicirt'e, 
and obſerve the Degrees cut by the Shadow of the Thr-ad, 


* and Number them from the Side of that Semicircle which 


is perpendicular to the Plane, for thoſe Degrees are the 
Horizontal Diftance ſopsht. This bei d with the 


Sus en much krom the Zouth, obferve tueſe two Rules, 


RULE I. 


x f If. the en of the Thread fall between the S-.uth 
and-that Side of the Quadrant, which is perpendicular to 


the Plane, then add the Sun's Azimuth from the South to 


be Horizontal Diliance, and that Sum is the Declination ; 


and it is to the ſame Coalt with the Sun's Azimuth, that is, 
Weltwad in the Afternoon. | 
II. If the Shadow of the Thread fall not between the 
South and that Side of the Quadrant that is . 
* | ar 


- Eaft,. it the Obſervation be made in the Forenoon, but 


3 


-. 
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lar to the Plane, then the Difference between the Sun's 
Azimuth from the South, and the Horizontal Diſtance is 
the Declination of the Plane: and if the Azimuth be the 
greater of the T'wo, then the Plane declines to the ſame 
Coalt whereon the Sun is; but if the Horizontal Dilla ce 
be the greater, then the Declination is to the contrary 
Coaſt. 


EXAMPLE, 


Anno 1725, March 17, at London, in the Afternoon I 
ob'erved the Sun's Azimuth from the South 38h62 / and 
the Horizontal Diſtance fell not between the South and 
the Axis of the Plane, conſequently their Difference 290 
8' is the Plane's Declination to the Eaft. Theſe Things 
being found, their are four Things to be conſidered. 

1. The Inclination of the Meridian of the Plane, with 
the Meridian of the Place. 2 x 

2. The Height of the Pole or Stile above the Plane. 
3. The Diſtance of the Subtile from the Meridian. 

4. The Diſtance of the Hour Lines from the Subtile. 
All theſe I ſhall demonſtrate in the following Diagram, 


Geometrical ConflruTion: 


Wich the Chord of 60 draw the Primitive Circle 
which ſhall repreſent the Plane of the Dial, draw Z N 
| and H O at right Angles, take the Chord of 290 8! 
the Plane's Declination, and ſet it from N to D. lay 

a Ru'er from Z to D and it will cut the Horizon in 
A, through which the Meridian of the Place muſt paſs; 
or ſet the Semi-tangent of the Declination from C will 
give A as before ake the Co-Secant of the Plane's 
- Declination = 60 52! and draw the Meridian Z AN 
it's Pole will be found at E ; take the Latitude of the 
given Place 519 32' from the Chord and ſet it from O to 
L and ſrom N to G. a Ruler laid from E to L cuts the Me- 
ridian in P the Pole of the World, and a Ruler laid from 
E to G cuts the Meridian in ZE, that is, where the Equi- 
noctial cuts it. Laſtly, Lay a Ruler from P to C, and 
draw F for the Subitiler Line; now have we the Right 
angled Spherical Triangle Z F P, in which, 27 
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Z F is the Subſtile Diſtance from the Meridian. 


Z Pis the Complement of the Latitude of Lender. 
OE is the- Hezgbt of the Pole above che Plane. 


And @PPFZis ;right.: Fad: | 
the 57 Z F is the. Complement Plane Dec ĩination. 
7 FP Z is the Plane's diff, Longitude, 


I. For the Angle FP Z the Inclination of Meridian's, 
or Plane's diffetence' of Longitude. 
In the Triangle Z FP, theft are given PZF — 0? zal, 
BY e Complement of the Plane Declination, and P Z the 
mplement of the Latitude of the Place 38 28 to 
* the Angle ZP F, the mn of Meridians. 


\ Equation 
cri er g er. r. 
Analogy. 


| As C T < Z co-Declin. 60 52/ 9.746320 
To Radius 90 co 10:0000000 
So C8, PZ Co-Latitude 38 28 9 8937452 
To CT <P Inclinat. Merid. 35 27 10 1470132 

Or by Tranſpojution. 
As Radius, to T. CZ: SoCS, PZ, to CT, <P. 
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II. In«the ſame Triangle there are the ſame Things 
given, to find Z F the Subſtile's Diſtance from the Me- 


ridian, 
| Equation.” 
CS <Z +RECT.PZ TT. ZF. 
Analogy. | 
As CT. PZ. Co-Lat. 38 28) 100999135 
To Radius - - go CO 10.0000c00 


So C'S. CZ. Co-Declinat. 60 52 9.687389 
To T. Z F. the Subſlile 21 9 9.587470 


Or by Tranſpaſit ion. 

As Radius to T. PZ, So CS CZ to T. Z F. 

III. There are the ſame Things given to find P F, the 
Height of the Pole Artic above the Plane equal to the 
Stile's Height. 

Equation. 


S.PF+R=S. PZ. ＋ 8 Z: 


Analogy. 
As Radius - - - g0* ood! lo co oo 
To 8. PZ. Co- Latitude 38 28 9.793831) 
So S < Z Co- Declinat. 60 52 9 9412575 
To S. P F. Stile's Height 32 55 97350892 


Theſe three Requiſites beſng found, the next Thing to 

be done, is to make the Firſt and Second Columns of the 

| following Table which are done thus, the Plane's Difference 
of Longitude being 355 27), that is more thin 30 = to 
; two Hours in the Equinoctial in Time, ſhews that the 
; Subſtile will fall between the Hours of Nine and Ten in 
the Foreaoon, place this 35% 27! right againſt the Hor 
. of Twelve, and 2191 1 f it in the next Column, be- 
. | F caulz 
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cauſe 3* 45' anſwers to one Quarter of an Hour, and 1 to 
an Hour in the Equinoctial, therefore ſubtract 3045 from 
3527 continually as long as it will bear, ti II have only 
1? 42' remaining, which anſwers to three Qt arteis paſt g 
in the Morning ; hence becauſe this brings me to the 
Meridian, and Place of the Subſtile in the Lial, I ſubtract 
1* 42) from 3* 45ʃ, and the Remainder is 2 3“ the 
Equincctial Degree anſwerirg o: to which add 3* 45! 
continually, till I come to 88*18'the EquinoR al Degrees 
anſwering 24 in the Morning, which Angles at the Pole, 
or Equincctial Diſtances are more than we have Occaſion 
for in this Dial, as you will ſee u hen you come to lay 
down the Hour Lines upon the Plane by Help of the 
rag of Chords, which I leave for you to practice at your 
eiſure. | 


- Equin, | Diſt. 2 'Fquin. z Diſt. 4 
Hours Bit. | Wb n Diſt. | Subſite | 
77 3107 1% % 27 
61 6; 1 0 - 183 
32 2 fi 57 
50 24 3 416 42 
45 41 020 27 
41 21 I 24 12 
37 21 2 127 57 
33 40 3 3 42 
30 17112 035 27 


27 7 1 9 12 
24 Top 2 [42 57 
21 24] 3 46 42 
18 7/050 27 
16 19 1 54 12 
33 56[} 2 57 57 
it 40 3 j61 42 
9 28||2 oſ65 27 
7 19 1 [69 12 
0 2 72 57 
3 10][ 3 176 42 
1 713 oſfo 27 
Cubſtile 1 184 12 
o 55 87 57 
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La#ly. To find the Diſtance of each Hour Line from 
the Subſtile, and the Aralogy for this, is the very fame 
2% in the Horizontal Dial, See the Tri nele, Piz D. page 231 
with this DiFerenc?, that inflexd of the Elevation of the- 
Norch Pole above the Horizon of the Place. commonly cal- 
led the Latitude, here you muſt make Uſe of the Height 
of the Pole or Stile above the Plane. 

One Example will be ſufficient to i] uſtrate the whole 
Proceſs to the Meaneſt Capacity, and that ſhall be to 
find the Diſtance of the Hour, or Quarter of an Hour b 
fore Ten in the Forenoon, the Angle of the Pole, or Equi- 
noctia! Diſſance, you ſee in the Second Column of the 
Table i: 1? 42“ | 


Operation, by Tranſpoſation. 


As Radias TIT 92? oof 10.09-0000 
To S. Stile's Height 32 55 97351445 
To T < at the Pole 1.42 $.47244538 
To T. Hour on the Plane o 55 8.2075883 


Now all the Work of this Dial is finiſhed, only transfering 
the Hour Lines to the Plane, and by help'of your Line of 
Chords it is dore the very ſame Ways as has been taught 
in the Horizontal Dial, therefore needs no Repetition ; only 
in fixing the Gnomon, obſerve to place it on the Sublliler 
Line, at right Angles to the Pane, and to make an Angle 
therewith of 320 55'and it may be either a Plate of Braſs, 
Copper, & c. or an Iron Rod jult the thickneſs of the 


Hour Lines, 
A General Rule. 


If the Plane decline Eaſt, the Subſtile falls among the 


Morning Hours ; but if it declines Weſt, among the 
Aſternoon Hours. 


IV. Of the Eaſt and Weſt rect Direct 
Diatls. 

HE S E Dial Planes lyiag in the Plane of che Me- 

rid an, the Earth's Axis being parallel thereto, the 

Pole itſeif has n) Elevation, and coniequenty the Hour 

f 2 Lices. 


* 
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Lines can bave no Centers, but are parallel to each other. 
the Six o'Clock Hour Line being the Subſtile, the red of 
the Hour Lines are drawn by the Tangent ot 15, 30, 45 
60, 759, each Way as far as you have Occaſion for Hour 
Lines, and let them make an Angle with the Horizon 
equal to the Latitude of your Habitation; The Height of 
the Stile muſt be equal to the Tangent of 45®, or the 
Diſt⸗nce of the Nine and Thiee o'Clock Hour Line. 


V. Of an Equinoctial Dial. 


W HAT I call here an Equinoctial Dial, is not ſo 
in Fact, but an Horizontal Dial, or a Dial as is 
made under the Equinoctial Circle, for there the Pole has 
no Elevation ; therefore the Hour Lines and Stile are all 

rallel to the Plane, and is made as has been juſt now 

ewn in the Eaſt and Weſt Dials, with this difference 
only, that this faces the Zenith, as the other do the Eaſt 
and Weſt Points of the Horizon. 


VI. Of a Polar Dial. 


FIN HIS and the laſt mentioned Dial have different 
1 Names by different Writers; ſome call this an 
Equinoctial Dial, ſome a Polar Dial, but I ſhall not in this 

- Place diſpute Words, for they are of no more Uſe than to 

' convey the Idea of Things from one Perſon to another, 
Therefore if you would make a Dial for the Latitude of go“ 

either North or South, it is no more than to divide a Circle 

into 24 equal Parts, and from thoſe Parts draw Lines to the 

Center, and they ſhall be the true Hour Lines, and the Stile 


is no more than a Wire ſet perpendicular to the Plane in the 
Center of the Hour Lines 


5 VII. 
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VII. To make an Epuinoctial! Dial. 


HIS Plane has two Faces, the Upper in North 
Latitudes ſerves all the Time the Sun is in Nor- 
thern Signs, V. B, u, , K. m: the under Face 
of the Plane ſerves the other Part of the Year, viz. 
while the Sun paſſes through g m, 1, V, . X. 
and the making of it apd it's Stile is all one ard the ſame 
with the laſt mentioned Pine; and this Dial has an Ad- 
vantage above miny others, viz. it is Univerſal, for in 
what Latitude ſoever j ou be, place it ſo that the Plane 
may lye para'l-] to the true, Equinoctial in the Heavens, 
and the Stile parallel to the Meridian of the Place, and 
then it will ſne av the true Hour of the Day. 8 


m Y 


_— 


VII. Of 4 South Reclining, or North In- 
clining Dial. 


HES E Planes mall firſt be reduced to a new Lati- 
tude, in which they may become Horizontal Planes, 
and is thus-pcriormed : If the Rec in u ion be lefs thin the 
Complement of your Latitude, then ſubtract the Recli- 
nation from the Complement of the latitude, and the 
Remainder is the new Latitude, in which it will become 
an Ho:izo tal Plane, y 
2. But if the Reclination exceeds the Co- Latitude, ſub- 
tract the Co- Latitude from the Reclination, and this dif- 
ference in the New Latitude, fo that to theſe new. La:i- 
- tudes thus found, draw Hour Lines, as has been taught 
in the Horizontal. Dial, and they will be the true Hour 
Lines upon the South Reclining Plane. 
3. But it che Reclining be equal to the Complement- 
of your Latitude, and Recline from the Zenith towards * 
the North Pole, then doth ſuch a Plane lye directly in the 
Earth's Axis and have 9 3a Dial in ſuch a Plane 


18 
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35 this muſt be made in all Reſpects as has been taught in 


the Equinoctial Dial, in the Fifth hereof. That is, An 
Horizontal Dial under the Equinoctial Circle. 


IX. Of the Eaſt and Weſt Reclining and In- 
| clining Dial, 


HES R Dials muſt alſo be refer'd to a new La- 

titude, that ſo they may become upright declining 

Planes, which is done thus: The new Latitude is Iways 

the ſame with the Complement of the Latitude in which 

the Plane Reclineth, and the Declination in that rew 

. Latitude wall be always the ſame with the Complement 

of the Plane's Reclination; So that in the Latitude of 

51 22' if an Eaſt or Weſt Plane ſhould recline from the 

* Zenith 35%, and you would know in what Latitude that 

Dial ſhall become an upright declining Plane, Then 

Note, That the New Latitude is 38 28', the Comple- 

ment of the given Latitude, and the Declination on the 

Plane is 55*, the Complement of the Reclination: So if 

you make a Vertical Dial (as has been taught in page 

; 326), for the Latitude of 28® 28), and the Declinivg 

$5 that Dial will be a true Dial, for an Eaſt or Welt 

wY lane Reclining from the Zenith 35 in the Latitude of 
51 320. - . 


—___ 


X. To make a Declining Reclining Dial. 


HESE Planes muſt be refer'd toa new Latitude, 
and to a new Declination before Hour Lines can be 
drawn upon them. 


EXAMPLE, 


@ | In the Latitude of 61 32, a Plane declines to the Eaſt 
or Welt 34%, and Reclines 50* from the Zenith, what's 
be new Latitude and new Declination ? 1 

h o 


— — — — — 
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- For the new Latitude always ſay, 


As Radius - — 90 of 10.000D000 
To CS. Declination 34 © 9.9185742 © 
So C T Reclination 50 © 9.9238135 
To T. of - 34 55 9.8423877 


Now obſerve theſe Rules. 


I. This fourth Tangent mult be compared with the old 
Latitude, and the Complementof the Difference is the new 


Latitude, 
Operation, 
Old Latitude 381 321 
Tangent ſubtract 34+ 5$ i 
Difference 16 37 Complement 73 23 


is the new Latitude. 


II. To find the new Declination. 


As Radius — go? oo/ 10, 0000000 
To CS. Reclination 50 oo 9. 808067 
80 S. Old Declination 34 oo 97475616 
To S. new Declination 21 4 9.5556291 


Sacondly, Suppoſe a Plane Rec ine juſt ſo far as to pals 
_ thro? the Pole; then will the Hour Lines be all parallel 
to one another, as on a direct Faſt or Weſt Equinoctial, 
Horizontal, c. Then the Analogy ſor finding the Recli- 
nation is this: 
As CS Declination, to Radius, ſo T. Latitude, To 
CT of the Reclination. 


For the Dechnation: 


As Radius, to C S Reclination faund in the laſt, ſo is 
S. old Declination, to S new Declination. 

Laſtly, Suppoſe a Plane Recline from the Zenith 20, 
and Declination 34 as before ; See the new Latitude 
and new Declination; Say as in the firſt, and you will 
find the new Latitude 75* 14', and new Declination 319 
42'. And thele are all the Varieties that can happen. I 
might here have ſpoke of Reflective, Refractive, Concave, 
and Convex Dials, with the Globe and Croſs Dials, but 
theſe | have already explained in my Mechanic Diallings 
to Which I refer my Reader for further Satisfaction. CHA 


% Of SURVETING. 
CHAP x. 


Of Sarveying of Land. 


URVEYING of Land is a very uſeful Branch 

of the Mathematicksz and requires chat the Pra- 
Etitioner be well ſkilled in Numbers, both Whole and 
Broken, with Extraction of Roors, Geometry, and in 
Plain Trigonor etry, which this Treatiſe will make him 
a compleat, Malter of, without any other Book or Tutor. 
Therefore I wou'd have the Yourg Student to pert. 
himſelf in one Chapter before he proceeds in another; 
and firlt you are to Note, that by a Statute made ig 
the 33d Year of the Reign of King Edward I. Annes 1305, 
an Acre of Lard was to contain 160 Square Peiches, and 
the Perch 53 Yards; 40 of which Poles oi Perches makes 
one Furlong, and 8 Furlongs makes one Mile, as is be ter 
and more at large ex preſſed in this Table. 


Inches. Feet, 8 | | 
12 1 [Yard, 
I pole. 

198 | 10; | 53 2 


Miles 
Als! 


7920 bbo | 220 | 40 I 
64360 5280 1760] 320 | 8 


9 All Land is now meaſured by Mr Gunter's Chain, 
which contains four Poles, each Pole is 161 Feet, the 
Whole Chain being 22 Yards, or 100 Links, but more 
largely and beiter expreſſed in this Table. 


| Inches . Link 


7-92 I Yard. 
36. 4.85 Cre. 1 [Ploe. 


eee 
792. | 100 "£5 3." LA 


| 73360 3000 | 1760 | 320 |. 3o | FN 


And for the Learner's better Information 1 ſhall here. 
4 


© preſent him, with a new Table of Square Meaſure. 


S 
— 
cn 
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A Table of Square Me 


*.W 
N 
YES 

8.8 

« WW 
„„ 
XY .,% 
E SS 
— zS 
2288 
2 0g 
> V8 
Vw Jay 

% & 
V.,L 
2 8 
E28. 
J S 2 

EE 4 

"5 
% 2 @ 
S8 & 
r 
* 

2 
* 
J 8 
U] 
8 


hain there are 


Paces, 4%4 & 
Szuare Link: 


inl 


T Inches. > 3: 
1 I Links. 
_ 62.7264 T Feet. 
_— TE" 
1296 [20.75 9 
3600 | 57.38 | 25 
39264 625 272-25 
Gz7264 | 10000 | a356 
6272640 100000 43560 2 FRIES Mile. 
1014459600/64000008[27878400[3097600! 1115136 102400 | 400 | 640 FE 1 


is 


F 
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A Table ſbewing how Square Links are 
made iu any Piece of Land. 


Square, Per- 7 Square | Per- 
Links, | hes | Links | Acr. Rods. ches. 

1 $25] 1 143751 23 
1250 2 1500 24 
187 3 15625 25 
250c| 4 162501 5 
31255 16875 27 
3750 6 17500 28 
437502 1 12 29 
000 8 18750 30 

* | 5625102 || 19375] er 
250110 || 20000 32 
6875111 [| 209255 133 
75 Ee. 21250 1434 
8125113 J 21875 ' 4 3s . 
8750114 22500) . 
9375|'s || 23125 » P37 
1000016 23750 38 
1062517 24375 39 
1125018 250 1 
. | 11875][19 |! 5cooo . 

12500120 75cO0: 2 
13128] 21 | 100000 | | | 

I 1470122 |' | 


— — — .. A 


By the foregoing Table you may caſt up the Content of 
any Piece of Land by Inſpection, for when you have 


2 your Dimenſions in Chains and Links together, 
that P. 


oduct is ſquare Links, as ſuppoſe you had 35127 
Square Links, what is the Content ? 

Look for the nearcſt leſs in the Table, (if you cannot 
find the exact Number) whick is here 250 O anſwering to 
one Rood of Land, and the overplus 10127, anſwers to 
16 Perches, and 127 Square Links over, which bcing 
leis than a Perch is not regarded. þ 


Now 
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Now becauſe Gunter's Chain is the only Chain now 
made Uſe of in Surveying of Land, you are to obſerve 
that 10 Chains long, and 1 Chain broad doth make a Sta- 
tute cre of 160 Squaie Peiches, as by this Table is more 


0 fully ſhewyn. 
Length. Breadth in Chains, Links, 


in Chains. and Parts of a Link. 

I IO co 
2 5 00 

4 3-33 Parts 33 
4 2 50 
G 2 00 
6 1 66 Parts 65 
7 1,42 Paris 42 
8 123 
9 1.11 Parts 11. 


Likewiſe if you would ſet out an Acre in Yards, you 
may ſee by the Table, page 340, that the Chain is 22 
Yards long, which multiply*. by 10 make: 24.0 Yards 
long, and 22 Yards broad makes one Acre, Becauſe 220 
X 22 = 4840 Squate Yards ; and if you would ſet out 
an Acre by Perches you muſt knw that 40 Perches long, 
aud 4 broad, is an Acre = 1co Square Perches. 


——— — 
6— — 


—— 


II. Of the Inſlruments that the Surveyor 
muſt be furniſhed with. 5 


1 Gunter's Chain, as above deſcribed, 

2 A Caſe of Inſtruments. . 

3. A Paraliel Ruler. 

4. A Plain Table. 

5. A Theodolite. TI 

6. A Plotting Scale, which has on it two Diagonal 
Scales, commonly one of 10, and the other of 20 in an 


Inch oa one Side, and on the other Scales of 11, 12, i6, 
| 20, 24, 
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20, 24, and 30 in an Inch, Sc. As the Protractor and 
Line of Chords are uſed in laying down Ang'es, ſo are 
theſe Plotting Scales uſcd in laying down of ftreight 
Lines, i. e the Sides of Incluſures, the Diagonals, Per- 
pendiculars and Off- ets which were actually taken in the 
Field. pl 
Now a Scale of any Number of equal Parts whatſoever, 
is no more than to divide the Inch into as many equz] 


Parts as you deſign the Scale {fall contain Parts, As if I 


would have a Scale of 10 equal Parts in an Inch, (which 
Scale will make the greateſt Plot of all), divide the Inch 


into 10 equal Parts and tis done. If you would have a 


Scale of 16 in an Inch, divide the Inch into 16 equal 
Parts, then 10 of thoſe Parts will be a Scale of 16 in an 
Inch, &c- 5 | 

N. B. I here recommend the Uſe of the Thecdolite 
before that of the Plain Table, becauſe the Paper upon 


the Table in the Field will be ſubj-& to contract, or ex- 


and according as the Air is dry or moilt, and conſ:quent- 
ly will make your Plot too much, or too little, and err 
from the Truth conſiderablyj. Thelc Inſtruments, with 
all others for Practical Mathematics, are made and {old by 
Mr Fobn Fowler, at the Globe in Stoithin's-Alley, by th: 
Royal Exchange, London, fitted up in the beſt Manner, 
and at the loweſt Prices. | 
In Meaſuring with the Chain, be careful to get the 
ſhorteſt Diſtance between any two Objects, otherwi you 
will make more of the Land than it really is. In Order 
hereunto you mult provide Ten {mall Sticks like Arrows, 
ſharp at the End to ſtick in the Ground; having ſet up 
Whate's at the Angles of the Field, and at other Places 
where you ſee Occaſion, let him, (your + flittant) that leads 
the Chain, carry the Arrows in his Left Hand, all, fave 
one in the Right, with the Chain, and always when he 
ſticks down one of his Arrows, be ſure that it be in a 


right Lice with the Eye of him that follows the Chain, 


who is to gather up the Sticks, go on thus to the End of 

the Diſtance you are to meaſure, whether it be a Diagonal, 

Perpendicular, or the Boundary, Off-ſet; c. by this Me- 

thod he that follows the Chain and gathers up the Sticks 

has a ſure Method of counting the Number of Chains, 

without any Trouble, or fear of Erjor ; AS wage 1 
| un 
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find a Diſtance to be 8 Chains and 30 Links, you muſt 
ſet it down in your Field Book, ruled in proper Colnmas 
ſor that purpoſe, and it will ſtand thus 8.30, and 4 Chains 
7 Links will fland thus, | 4.03, always minding to ſet a 
Cy>her in the Place of Primes in the Links, if they be 
under Ten. Now the Rea er being well acquainted with 
Decimal Arithmetic, and with the Menſuration of Super- 
ficies, as taught in this Treatiſe, he his qualiſted to go in- 
to the Field, in Order to meafure the fame. 


y» * 


" 
— ba 4 had * 
. 


— 


III. How to take the Plot of 4 Field, by 
the Chain only, and to caſt up the Con- 
tent thereof. (G04 onal c N 


N Order hereunto, you muſt provide yourſelf with a 
{mall Inſtrument call'd a Croſs, which you may make 
of Wood thus, provide a Piece of Box Wood, and let it 
be turn'd round. and about two or three Inches Diameter, 
with a fine Saw cut two Slits croſs ways, that ſo they 
may be exactly at right Angles with each other, and on 
the under Side of it let there be a Hole for Convenicncy 
of placing/ it upon a Staff about your on Height in 
Time of Practice. Being thus prepared, go into a Field, 
and upon a Piece of Paper diaw the rorgh Draught of 
it, as near the Shape as poſſible you can, while you are 
doing this, let your Aſüiſtant place Pieces .of white Paper 
at A,B, C, D. E. F. G, O, Hand I. Then your 
Aſſiſtant taking the Chaia and Arrow, ſtanding at B, 
direct him to I, a d as you 60 along. you mult by help 
of your Croſs take the Perpendicular K C, that is done by 
looking through one of thy Slits in the Croſs to I, then 
looking thro the 0:her 8 it at C and find the Point K, 
put down the Chains and Links B K 150, leave a Mark 
at K, and mea ure on to L; here by help of your Croſs 
looking at B and A, you will find out the Point L, that is 
where the Perpendicular A L doth fall, ſet down the 


Number of Chains * Bro L, or from K to L, 
| 8 it 
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It matters not which, leave a Mark at L, and meaſure on 
to I, and ſet down the Whole Diagonal BI 3.75. Go 
back yo L and meaſure. the Perpendicular DE A 1.40, an 
CK 1.78, which ſet down upon your rough Draught. 
Aud thus is the Trepezium ABCI finiſhed, which I Note 
with the Figure 1. 19 p43 S398 
. Secondly, For the Trapezium I D O H. which I mark 
with the Figure 2. Then going to D, direct the Aſſiſant 
towards H, and having meaſured 3.93 Chains, I obſerve 
the Point N, and the Point M fall at 4.57, where leave 
Marke, and mcaſuring on to H, 1 find the Whole Baſe 
D H to te 5.78 Chains, which I infert- in my rough 
Draught as before, then meaſuring the Perpendicular M 1, 
I find it to be 1.80, and NO IG 
Thirdly, I go into the Triangle G O Q, which I mark 
"with the Figure 3; and begianing at G, I meaſure towards 
Q, and as I go alone, I obſerve with my Crols, that the 
Perpendicular OP falls at P. 1.11 from G at P, I leave a 
Mark, and meaſure to J which I find to be 3.54 Chains. 
Then going back to P, I meaſure P O and find it to te 
1.08 Chains, | bln 
Lafily, Here Qlill remains the Trapezium FQDE un- 
meaſured, which J Note with the Figure 4. Then com- 
ing to F, I niesſure toward D, and 1 find the Per pendi- 
'<ular 8 E to fall at 1.43 Chains from F, which I Note 
down i my rougn Draught as beſore; meaturing, on I 


nid the Perpendicular R Qto fall at 172 Chains from 


F, which I allo Note down : And meaſuring to D. 1 find 
F D to be 3.23 Chains; which I alſo Note down. Then 
"coming back to the Marks which I leſt at R and 8, I 
meaſure 8 E and find it o. 60 Link, and Q R 0.35 Link, 
which I fet down in my Field Draught, and o is the 
mealuring all finiſhed. Aud for the Keader's better In- 
formation, 1 ſhall here inſert each particular Mealurement 
In Chains and Links. | llt ä 
VNV. B. You muſt remember, when in the Field, 
meaſure I D and DO, they being o Ule in che plotting, 
Rut not in caſting up of Dimenſions, 


£ 


BE 


OS UR 7 ING 345 


rial 
, 4 2 . » # 
" - : 1 
' + 643 Þ l 1 PIT& 3» 10177 
| 3 0919 
TH ' 
COL f 


2 ” \ | 13 2 1 1 
Tae 
3 " ; * 7 
Im 
7 line 1 05 
rr rr 292993 
- 1 9 "Ss . 


— 

s % : 
SF H 1 
. N * 


B K 1.50 NO 1091D 494 

KL 1.22 GP 1.11 004.15 

B I. 3.75 83.54 | 
AL 1-40 PO 2.68. 

CK 1.78 FS 1443 

DN 393 FR 1.72 

DM 477 FD 3.23 

DH 5.78 SE o.6p 


MI 1.80 QR oO. 38 

Secondly, Shewing how to Plot the ſame- 

When you have finiſhed the Work in the Field, you 
may plot and caſt it up at your leiſure thus. 

Take a clean Sheet of Paper, and with a Black Lead 
Pencil draw a Line at Pleaſure, take one Chain 50 Links 
from your Scale and lay it from B ta K, take 1.22 and 
lay it from K to L, an41 3.75 Chains from B to I. This 
done, take your Protractor and lay the C:nterJto K, prick 

| Gg2 of 
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| off the Perpendicular CK, and thereon lay 1.58, lay te 
| | Center of the Protractor to £ and prick off the Perpen- 
l dicular L A, and thereon lay 1. 40 Chains 
| Draw an occult Line, and-thereon let 5 78 from D to 
| H, take 3.93 Chains and ſet it from D to N, and 4.77 
| from the ſame Scale ſet from D to M: lay the Center of 
| the Protractor to M and N ſeverally, ard prick off the 
| Perpendicuſars MI, and NO. take 1.80 Chains and ſet 
W . from M to I, and 1.09 from N to O, do thus by the reſt 
of the Baſes and Perpendiculars,' and then by drawing the 
| Boundary Lines A B, BC, CD, &. you will have the 
true Plot, ot Figure of your Fields as is repreſented above. 
Laſtly. To caſt up the Dimerfions, and thereby to give 
the true Contest thereof. 

| Here you ſes the Field being reduced into Trapeziums 
3 and T\ 1 they are to be meaſured as taught in page 
171, add all the Areas together, and frym the Total cut 
off Five Places; of Figures to the Right Hand, (becauſe Ten 
| Chains long and one Chain broad is an Acrej and thoſe on 
tie Lek, if any, ate Acres, and thefe on the Right ſo cut 
off, a eimaß Paris of an Acre, which multiply by 4 
and by 40,"md always cuiting off Five Places to the Right, 
the Content w be had in Acres. Roodland, and Perches, 

as you may the better perecive by the Work at large. 


XI. = 1.40 I M = 1.80- 
XK A278 — 
?Q 9 Sum * - 2.89 
Half = 1.59 Half DH == 2.89 
IB = 375 28601 
795 2312 
1113 — 878 
4222. „83521 
1 9626 
2 . : 
— 291 8 = | 
42 161810 Half O a I 
Acres. 1.77443 1416 
| + 1779 
Roods = 2 $9772 _ 19116 
1 | 40 | | | | 
Pole 39.90 80 
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N. 8E == O 6 

FDP 32 232 QR 3 

Half SE& QR / SE . 

| | "2261 Half = .. 47 
1292 

15181 * | ' 


II. How to take an Angle in the Field either 
with the Plain Table or Theodsltte. 


a 54 
UPPOSE in the Field above, I would take the 
Angle at A, ſet up two Marks at B and I, place your 

Inſtrument at A, bring the Index to 360 on the Limb, 

and turn the Inſtrument ab out till through the Sights you 

ſee the white at B, here fix the Inſtrument, and move the 

Index till you ſe che Mark at I, the Degrees cui by In- 

dex on the Limb are the Quantity of the Angle B AI, 

and after the ſame manner may any Angle be taken: And 
for Proof of o Work, when you, have taken all the 

Field, before'you begin ts Plot, if you would know 

whether it will Cloſe, multiply 1 by a Number al- 

ways lefs by 2'than” the Number of Angles within the 

Field, and if that Product be equal to the Sum of all the 

Angles, then is the Work right, other ways not. 


= — . n . po 1 4 3 
2 81 TE 2 O_ k 4 we a . — — 
11 C Ne * 1 


III. How. to take tbe Plat of 4 Field by 
going round the ſame, or amy large Cham- 
pion Ground, as Saliſbury-Plain, Houn- 
flow-Heath, Fore/ of Dalameer, Cc. 
N the 312 Page of the Abridgments.of Adds af Parlia- 
ment, we are told that Hown/lowm-Hearh; contains 
4293 Acres, and one Rogd * ot Ground. Now let us 
| 7 3 
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uppoſe the Figure in page 345 to repreſent one of the 
a oe · mentioned Champion Grounds. 

With your Theadolite, Chain and Aſſiſlant, beginning 
at A, take that Angle, and at every turning of its Bounds 
as at B, C, D. O.. Take the Angle as has been taught a- 
bove, and as you go along meaſure the Diſt-nces A B, 
B C, © D. &c. with your Chain, and find them as is 
here ſet down; 


"77x71 +Bades Angles Internal 
AB 310 A 100 N 
B C 2.31 B 58 
CD 2.1, C ny 
DE 1.80 D 6 
E F 1. E 141 
"FG — F 214 
89 3 G 45 
OH 2.00 O 244 
| HI 204 30 
| TA 170 1 192 
| 1440 


The Sum of the internal Angles is 1440 which is equal 

to 180 mu'tiplied by 8, that is leſs by 2 than the Num- 

ber of Angles, which is a Proof of the Work | 
Note, the Internal and External Angles the Copleme 


IV. How to take the Horizontal Eine of a Hill. 


T is beft to Meafure Hilly- Ground by the Chain by 
ſetting up Beacons upon ſeveral af the highet Hilis, from 
which you can ſee the Angles in the Hedges, and direct 
your Sights from Station to Station, for the Chain being 
drawn over the Hills and Dales, mutt neceffarily make a 
larger Plot, than it would do if you went all round the 
Hedges, all the way upon level or even Ground : now, be- 
£anſe you cannot make a Convex Superficies upon the 
Paper, you maſt only Plot the Horizontal Line or Baſe 
thereof, 


Place 
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Place your Theodolite at one fide of the Hill, and cauſe 
a Mark to be ſet on the Top of the Hill, juit as high as 
your Inſtrument is from the Ground, and take the Angle 
of Altitude, and meaſure with your Chain from the In- 
ſtrument to the Mark on the Top: Then by 'Frigono- 
metry ſay, Av Radius, to the Diſtance from the Inſtru- 
ment to the Top of the Hill: So is C'S, Altitude, to the 

part of the Baſe from the Inſtrument to the erpendicular 

= Go to the oppoſite Side of the Hill and make the 
like Obſervations, find by the above Analogy the Diſtance 
between the [n{trument and the Perpendicular Line, which 
added to the other juſt now found, and the Sum is the 
Horizontal Line ſought. 

Or it may be found at one Operation thus, As the dine 
of the Angle at the Inſtrument is to the oppoſite Side of 
the Hill, ſo is the Sine of che Angle at the Top of the 
Hill, to the Length of the Baſle. 


———— 


—— — 


V. How to take the Plot of a Field at one 
Station, when all the Angles are ſeen. 


LAN T your Inftrument any where in the Field 
where all the Angles can be ſeen, ſet up Marks, take 
all the Angles and note them down in your Field Book, 
then meaiure the Diftance wich your Chain from your 
Inſtrument to every Angle, and ſet them down in your 
Field kook, and the Work is done. 
N B If it happens that you cannot ſee al the Angles 
at one Statio, you mult make two or three as you fe 


moſt convenient tur your pui poſe, meaſuring your Statio- 
nary Diſtances. 


VI. To take the Plat of Niall. or the Map 
of a Country. | 


K E choice of two Stations where you. can ſer 

a the Angles of the Field, place your Theadolite 
at oue of the Stations, and take the Angles of the ield, 
meaſure 


=. 
| 
|| 
[| 
1 
| 


| caſting it up, and conſequently Hable to lefe Error, 
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- meaſure to your ſecond Station the Diſtance in Chiins ard 
Links, Plant your Theodolite at your ſecond Station, and 
- take all the Angles of the Fieid, and Note them down in 
your Field- Book: Now theſe Angles and Stationary Diſ- 
- tance: being Protracted upon Paper, the Interſection of 
the Lines from each Station will determine the juſt Figure 
of the Field, or the true Situation of a Country, and 
make a perfect Map of places in your View, which Diſ- 
<tances are gainid'cither by Trigonometry, or by meaſur- 
ing them by the ſame Scale by which the Stationary Di(- 
tance was laid down. 0744 13 


VII. How to Survey Mcods, or great Pools 
| 8 „ Mater. | 


HIS muſt be done by going round the ſame on the 

"out Side, and at every Bending take the Angle and 
meaſure the Diſtance from one Bending to another, Note 
all down in your Field-Book, and when you come round 
to the Place where you began, if your Plot cloſe, you 
may be aſſur'd your Work is right, otherways there is 
ſome Error. Then when you have plotted your Work, 
take of the Baſes and Perpendiculars from the fame Scale 
youilaid down the Plot, and trom thence calt up the Con- 


ſents in Acres as has been taught in page 341. ly 


— —_— 


— —— — * 


VIII. An Expeditious Method, | to caſt up 
the Superficial Content of Land in Aer eo 


HAT we have already ſaid on this Head, is to 
| reduce the Field into Trapezias and Triangles, and 
thoſe Baſes and Perpendiculars meaſured by the Scale, may 
poſſibly produce ſome Error if great care is not taken in 
drawing the Lines fine ; therefore in Geometry we have 
ſhewn how to reduce a Figure of many Sides to a Trian- 
gle, &c. by which means many Operations are ſaved in 


IX. How 


2 TH > * 
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IX. How to take the Plot of a Gentlemans 
Efate, Mannor or Lordſhip. | 


T wi!l be beſt firſt of all to take a View of the Land, 

and conlider where it is beſt [to begin; then provide a 
Station Staff about the ſame Height with your Inſtrument, 
and flit it at the Top to put in a quarter of a Sheet of 
white Paper, beginning at any convenient place; fix your 
Inſtrument and take'the Bearing or Situation of your firit 
Station and ſend your Station Staff by an Aſſiſtant as far 
as you can {ee, meaſure to every Off- ſet as you go along, 
and the Off. ſet themſelves, entering all in your Field-Book, 
remembering where you begin io make that your, firſt 
Meridian, and then as you go on in the Work, take No- 
tice how ſuch or ſuch a remarkable Place bears from your 
firſt Meridian, by this means the Mannor will be kept in 
its true Poſition ; proceeding thus, through all the Work, 
always being careful to take Notice of all Things that are 
remarkable, and incert them in your Pield Book, that ſo 
when you come Home to Plot your ys work at Night, 
you may readier diſcern any Error if any ſuch Thing 
ſhould be. When the Map is made, you muſt incert the 
Name of every Incloſure, with its Content in Acres, and 
diſtinguiſh each with their proper Colours, the Gentle- 
man's Seat, Coat of Arms, and Points of the Compaſs 
truly * the Situation of the Eſtate; and alſo a 
Scale of Miles adapted to the Map. The North ſide of 
the Map is always placed upwards, and the Eaſt on the 
right; as the Compaſs mare plainly ex Sit. If the 
Lordſhip is large it will be beſt ta draw Upright, or Narth 
and South, and Eaft and Weſt Lines, denoted by Letters 
at the top and bottom, and alſo on the fides ; to be refer'd 
to by the Table of References, for the ready finding any 
Field or Parcel of Land therein contain d. 


* | X. How 


*% 


q 
| 
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X. How to find the Diameter of a Circle 
that" ſhall contain any Number of Acres, 


RULE. 
8 11 is to 14; ſo is the Number of the Acres Fren, 
to the d quare of the Diameter of the Circle required. 
7; 


3 "EXAMPLE; 
What's the Diameter of a Circle Cas: Area Js one 
Aere'? | 


3 Tun the Tiyen Acre into ſquare Links thus, 1.00000, 


, waſh 11 4 &.' : 100000 : 12.727270(3.57 Ov fer. 


— — 


— 


XI. To —_ out an Acre, three Rood Land, 
be an Acre, one Rotd, or any Number 
e Perches under 49 Perches er a Rood 
eee 1 


Say, as the TIO or r Breadth, | 


Chains 
; 10.00 1· o Acre. 
7 7-50. |. 1-00, three Rood, |. 
" R e 550 1+ oo half Acre. 
D to / 2.50 1.0 Rood, 
1 525 ol one Perch. 
„ | 625 oz two Perch. 
625 .07 three Perch. 


EXAMPLE. 


Suppoſe, I had 1.32 Chains in length, how much muſt 
IT have in Breadth to make 10 Ayer 

As 1,32 ; .625 :: 10 : 48 Links, fere. 
* ly * & * 1 XII. How 
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XII. How to reduce @ large Plot of Land 
or Map into a leſſer Compaſs, according 


to any given Profortion, or on the con- 
trary bow to enlarge it. 


H E beſt way to do this, if it be a Field or two, 

Sc. is to Plot it over again by a greater or leſſer 
Scale as need requireth but if it be large as the Map of 
a Country or Manner, Sc. the only way is to Circum- 
{cribe it with a Geometric Square, and Divide that great 
Square into ſeveral other lefler Squares, and by this means, 
every Cloſe, Houſe, Mil}, Tree, Cc. in one wijl fall in 
the ſame Square in the other, | # | 


N 
| a 4 
44 , 
_ 4 - * 
— —ůůʒʒ̃ (l:„— 
. 


XIII. To find bow many Inches makes a 
Mile, half a Mile, or a quarter ,of a 
Mite, by any Scale whatſoever. | 


IRST, you are to confider that the leaſt Number of 

parts any Scale is divided into are 10, and this Scale 
makes the largeſt Plot of any other. Secondly, Vou ſee 
by the Table in page 338, that 80 Chain of all Scales 
Whatioever make one Mile, o that by the Scale 10 in an 
Inch, 80 Inces in one Mile but to find how many Inches 
is a Mile by any other Scale, yblerve theſe inverted Pro- 
portions, 


5 A 
* 4 


1 i # 41 
* 


Scal-s 
11 +. $2 72 
12 656.66 
160 80. 
20 : 40. Inches 
As 10: 80 4 : 33.23 \ ina 
K Mile. 
30 3 2625 | 
1 40 5: 20 
nher. 


* * 
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xi. To es "Ps Meafure to cu 
aug, "oy the Contrary, 


H A T which is called deutete Meafure, 5 4 
"Yards to the Pole or Perch, = 164 Feet, and * 

As hath 160 of thoſe Square Percbes: But in Lanca- 
= they have 8 yards to the Pole 24 Feit, wh ch 

call a Rood, and 160 Square Poles to the Acre. In 
Cree! (I am informed) their Perch is 3 yards, and the 
'Acre'640 Poles or Perches. The 1rj/b Perch is 7 yards 
121 Feet, and 160 Square Perches to the Acre. Now 
how many Acres Statute Meaſure will 20 Acres in Lanca- 


ire make > See the & 
As : 20 : 42. 3 Statute. 


1 42.3 Statute Acre, how any?! Actes 
wil they make Cu lower, in Laneaſbire a} 


As'64 42.3 : : 30.25 20 Arres 
That is, As the Square of the — P cock, | 


I to the given Number of Acres, 
Jo is the Square of the Srature Perch, 
- To the Number of Acres fought, | 


Nv is + 18 JU70 
cy . » A at 9 


